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To  supplement  the  shortage  of  fuel  conse¬ 
quent  upon  villagers  sparing  all  the  cattle 
dung  for  manure  and  stopping  to  lop  the  trees 
so  vital  for  rainfall,  experiments  were  conduc¬ 
ted  to  find  out  if  the  gases  released  by  anero- 
bic  fermentation  of  organic  material  could 
be  satisfactorily  used  for  fuel  purposes.  The 
plant  devised  for  preparation  of  gas,  not  only 
is  economic  and  convenient  to  handle  but 
provides  in  addition  to  the  gas  to  be  used  as 
fuel,  a  large  quantity  of  residue  which  is  very 
rich  in  manure  value.  The  plant  and  the 
of  preparation  of  gas  method  have  been 
described  with  illustrattions  in  this  booklet. 
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INTRODUCTION 


The  production  of  fuel  gas  and  manure  by  anaerobic  fermentation 
of.  cattle-dung  and  other  farm-wastes  has  attracted  considerable 
attention  in  this  country,  as  this  method  promises  to  provide  a  means 
of  overcoming  the  present  wasteful  practice  of  burning  cattle  UI^b 
the  form  of  dry  cakes  for  fuel.  It  is  estimated  that  nearly  hal  o  t  le 
total  cattle-dung  produced  in  the  country  is  burnt  away  due  to  t  le 
scarcity  of  alternative  sources  of  fuel  (Acharya,  1952),  and  this  means 
a  loss  of  valuable  material  which  otherwise  could  provide  an  addi¬ 
tional  200  million  tons  of  farmyard  manure  for  improving  the  soil 
fertility  and  crop  production.  To  convince  the  larmer  of  the  piactical 
usefulness  of  the  method  of  anaerobic  fermentation  in  obtaining  the 
fuel  value  of  his  refuse  material,  without  impairing  its  manurial  con¬ 
stituents,  it  is  however,  necessary  that  a  simple  equipment  is  devised 
which  could  be  set  up  at  a  low  cost  in  village  homes  by  the  villager 
himself,  operated  at  little  expense  and  could  produce  enough  com¬ 
bustible  gas  to  meet  the  fuel  requirements  of  an  average  household. 

Since  the  problem  of  the  production  of  fuel  gas  from  organic 
refuse  materials  has  attracted  considerable  attention  not  only  in  India 
but  in  other  countries  like  the  U.S.A.,  France  and  Germany  during 
the  last  few  decades,  it  was  considered  that  a  brief  review  of  the  work 
carried  out  so  far  would  prove  useful  in  understanding  the  present 
position  of  the  subject  and  in  defining  the  problems  that  require  fur¬ 
ther  investigation.  Part  I  of  this  pamphlet  presents  such  a  review. 
This  is  followed  in  Part  II  by  an  account  of  certain  laboratory  in¬ 
vestigations  carried  out  at  the  Indian  Agricultural  Research  Institute, 
New  Delhi,  to  examine  the  main  factors  which  influence  the  quantity 
and  quality  ol  the  combustible  gas  produced  by  anaerobic  fermentation 
ofoi  ganic  mateiials.  Some  . simple  models  of  gas  plants,  that  have  been 
devised  at  this  Institute  to  suit  village  homes  and  farms,  have  been 
described  in  Part  III  which  also  presents  the  experimental  data 
i elating  to  the  working  of  the  above  models. 
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I.  REVIEW  OF  LITERATURE 


Tlie  pi  oduction  of  combustible  gas  from  decaying  organic  wastes 
in  marshes  and  swamps  (‘Marsh-gas’  or  ‘W  ill-O’  the  Wisp’)  has  been 
known  for  a  long  time.  The  combustible  gas  was  known  to  contain 
methane  (Volta,  1778,  vide  Laurie,  1941).  Pasteur  1884  presented 
to  the  Academic  des  Sciences  of  France  (Martin-Leake  and  Howard, 
1952)  a  paper  by  V.  Gayan  on  the  production  of  methane  from  farm¬ 
yard  manure.  Omeliansky  in  1902  (Waksman,  1932)  pointed  out  that 
when  a  cellulosic  material  like  filter-paper  was  inoculated  with  horse- 
dung  or  river-mud,  along  with  mineral  salt  solutions  and  kept  under 
anaerobic  conditions,  evolution  of  gas  took  place,  which  consisted 
mainly  of  methane  and  small  quantity  of  hydrogen.  He  isolated  two 
different  types  of  bacteria,  viz.,  Bacterium  methani genes,  which  produced 
methane  and  Bacterium  fossicularum  which  produced  hydrogen  (Thy- 
sen  and  Bunker,  1927). 

In  the  beginning  of  this  century,  the  method  of  anaerobic  fermen¬ 
tation  or  ‘digestion’  was  successfully  applied  by  sewage  technologists 
to  the  treatment  of  sewage  sludge  (Imhoff  and  Fair,  19*10;  Babbit, 
1947),  in  order  to  improve  its  quality.  It  was  found  that  the  method 
reduced  the  volume  of  primary  sludge  to  a  considerable  extent  and 
also  removed  the  grease  contained  in  it.  As  a  by-product,  a  large 
quantity  of  combustible  gas,  containing  methane,  was  obtained.  A 
considerable  amount  of  research  work  was  carried  out  by  sewage  che¬ 
mists  on  various  aspects  of  the  digestion  process  (Buswell  and  Neave, 
1930  ;  Buswell  and  Boruff,  1932  ;  Rudolfs,  193  - ;  Rudolfs  and  Heukele- 
kian,  1930,  1932  ;  Rudolfs  and  Setter,  1932  ;  Rudolfs  and  Zeller,  1932  ; 
White-head  and  O’  Shaughnessy,  1931  ;  Heukelekian,  1930  ;  Symons 
and  Buswell,  1933).  Imhoff  developed  special  tanks  wherein  the  diges¬ 
tion  of  sludge  and  production  of  gas  could  proceed  in  an  efficient 
manner  (Imhoff  and  Fair,  1940).  „  Sludge  digestion  plants  were  first 
installed  at  Birmingham,  Baltimore,  Mogden  and  Bombay.  The 
combustible  gas  produced  was  used  for  operating  machinery  and  for 
lighting  purposes  (Haseltine,  1933).  It  was  also  compressed  in  cylin¬ 
ders  and  used  for  operating  lorries  and  tractors  (Imhoff,  1946  ;  Lowe, 
1951  ;  Rosenberg,  1952).  Sludge  digesters  have  now  become  a  normal 
part  of  sewage  purification  works  in  Europe  and  America. 

In  view  of  the  huge  quantities  of  farm  wastes  which  can  be  utili¬ 
sed  for  gas  production  (Acharya,  1952),  the  application  of  the  method 
to  the  materials,  other  than  sewage  sludge  has,  however,  not  received 
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the  required  attention.  Fowler  and  Joshi  (1923)  studied  the  anaero¬ 
bic  fermentation  of  materials  like  newspaper,  filter  paper,  banana 
skins,  etc.,  and  obtained  combustible  gas  cantaining  80  to  85  per  cent 
methane,  the  calorific  value  of  which  w^s  1.4  times  of  ordinary  coal- 
gas.  Keefer  and  Kratz  (1934)  and  Fair  (1934)  found  that  garbage 
could  be  successfully  digested  for  gas  production  when  added  in  regu¬ 
lated  amounts  to  digesting  sludge,  the  maintenance  of  pH  on  the  alka¬ 
line  side  being  an  important  factor.  Tarwin  and  Buswell  (1934) 
studied  in  detail  the  methane  fermentation  of  36  pure  compounds, 
including  fatty  acids,  aromatic  compounds  and  carbohydrates,  and  con¬ 
cluded  that  the  lower  fatty  acids  were  the  chief  intermediates  in  me¬ 
thane  fermentation. 


Nelson  et.  al.  (1939  a,  b  ;  1940  ;  1942)  studied  in  detail  the 
digestion  of  various  organic  materials  like  chopped  corn-stalks, 
chopped  wheat  straw,  filter-paper,  seed-flax  straw,  artichoke,  etc., 
at  50°C  and  30CC  and  pH  range  of  7.0  to  7.5.  The  quantity  of  com¬ 
bustible  gas  obtained  was  similar  at  both  the  temperature  ranges,  but 
different  materials  gave  different  quantities  of  gases  and  the  compo¬ 
sition  of  the  gases  also  varied. 


The  stress  of  the  war  and  the  need  to  tap  all  available  sources  of 
fuel  supply  gave  a  fillip  to  investigations  on  the  subject  in  several 
countries.  Desai  (1945)  started  investigations  on  the  subject  at  the 
Indian  Agricultural  Research  Institute,  New  Delhi,  in  1939  and  studied 
the  factors  affecting  gas  production  from  cattle  dung  and  vegetable 
litter,  with  special  reference  to  the  influence  of  temperature,  pH  and 
seasonal  variations.  He  devised  a  simple  type  of  plant  (Desai,  1946) 
which  produced  the  gas  satisfactorily  fora  number  of  years.  The 
above  work  was  followed  up  at  Poona  by  Prof.  N.V.  Joshi  (1945)  who 
worked  out  a  patent  for  a  model  of  his  gas  plant.  A  large-sized  plant 
was  set  up  at  the  sugar  estate  at  Walchandnagar.  Some  investigations 
were  also  carried  out  in  the  laboratories  of  the  Poona  Agricul- 
tuial  College  (Desai,  1951).  Patel  (1951)  evolved  a  simple  model 
°'  cow  dunS  Sas  Plant  called  Gramlaxmi.  Acharya  (1953)  reviewed 
the  recent  developments  on  the  subject  in  India,  with  special 
reference  to  the  stmple  models  suitable  for  village  homes,  worked  out 
by  the  Sri  Ramakrishna  Mutt  at  Belur  (near  Calcutta),  the  Khadi  P,  a- 

Bengal)’  and  ,hC  Indian  *—h 

n„  '),b0l“  th'  Sa'"'  time  when  investigations  were  proceeding  in  India 
Ducelher  and  Isman  (1949),  Ducellier  (1950),  and  Isman  <19501 
conducted  expenments  in  Algiers  (North  Africa)  on  the  production  of 
fuel  gas  from  different  kinds  of  farm  wastes,  which  were  later  (onth 
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nued  at  Grignon  (France)  by  Mignotte  (1951).  This  work  attracted 
so  much  attention  of  the  French  farmers,  that,  as  reported  in  1952, 
there  were  about  1000  farm  installations  for  gas  production  in  opera¬ 
tion  in  France  (Martin-Leake  and  Howard,  1952  a). 

Rosenberg  (1952  a)  gives  an  account  of  the  investigations  carried 
out  by  H.  Hisserich  in  Germany  and  of  a  special  conference  held  at 
Ludwigsburg  in  1947  to  discuss  the  subject.  As  a  result  of  the  con¬ 
ference,  a  large-sized  completely  mechanized,  biological  gas  plant  was 
set  up  at  Allerhop  in  the  Luneberg  Heath  area  at  the  cost  of  about 
i‘8,000.  Martin  Leake  and  Howard  (1952  a)  remarked  :  “The  Luneberg 
Heath  is  notoriously  one  of  the  most  hopeless  agricultural  tracts  in 
Europe.  It  is  claimed  that  after  four  or  five  years’  application  of  the 
Allerhop  residual  tank  manure,  the  sugar-beet  crop  compared  favour¬ 
ably  with  what  could  be  grown  on  the  best  soils  in  Germany”. 

Different  Designs  of  Gas  Plants.  The  models  of  biological  gas 
plants  devised  by  different  workers  can  broadly  be  classified  into  two 
groups  :  (a)  models  in  which  the  gas  holder  is  separate  from  the  diges¬ 
tion  chamber,  the  latter  forming  a  completely  enclosed,  anaerobic 
unit  and  the  gas  produced  being  led  by  means  of  pipes  into  a  separate 
gas  holder;  and  (b)  models  in  which  the  digestion  chamber  and  the  gas 
holder  form  together  one  unit;  in  this  model,  the  digestion  chamber  is  1 
usually  covered  on  top  by  means  of  a  floating  roof,  which  sometimes  is 
enlarged  in  volume  to  serve  the  purpose  of  a  gas  holder  as  well.  The 
principle  of  model  a  has  been  incorporated  in  the  ordinary  types  of 
sewage  sludge  digestion  plants  and  also  in  the  plants  for  digesting  farm 
refuse  developed  in  the  U.S.A.  and  Europe  (cf.  the  Imhoff  Double 
Storey  Tank,  the  Allerhop  Plant  and  the  French  models,  vide  Martin- 
Leake  and  Howard,  1952  a).  The  model  designed  by  Desai  and 
Biswas  (1945)  also  works  on  the  same  principle  of  separate  digestion 
chamber  and  gas  holder,  whereas  in  the  Gramlaxmi  plant  (Patel, 
1951)  and  the  models  devised  by  the  Shri  Ramakrishna  Mutt,  Belur, 
the  Khadi  Pratisthan  at  Sodepur  and  by  Acharya  (1953)  at  the 
I.A.R.I.,  New  Delhi,  the  digestion  chamber  and  gas  holder  form 

one  unit. 

Among  other  differences  found  in  the  models  of  gas  plants  devised 
at  different  centres  may  be  mentioned  :  (a)  the  relative  position  in 

the  digestion  chamber  where  fresh  cattle  dung  or  other  raw  material 
is  added  and  the  position  at  which  the  digested  slurry  is  removed  ; 
(b)  the  arrangements  for  taking  out  the  gas  from  the  gas  holder  ;  (c) 
arrangements  far  stirring  the  contents  of  the  digestion  chamber  , 
Id)  arrangements  for  heating  the  digestion  chamber  ;  and  fe)  the 
frequency  with  which  the  raw  materials  are  added  to  the  digestion 
chamber. 
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Quantity  and  Quality  of  Gas  Produced  and  Chemical  Aspects. 

Omeliansky  (1902),  (Thysen  and  Bunker,  1927  ;  Waksman,  1932) 
considered  that  the  methane  and  hydrogen,  producing  bacteria  were 
different  and  he  studied  the  conditions  under  which  either  of  them 
may  become  the  predominant  organism.  Other  workers,  (Buswell, 
1935  ;  Barker,  1943)  however,  considered  that  C02  and  H2  were  the 
primary  products  formed  and  that  methane  was  produced  by  the 
reduction  of  carbon  dioxide  by  hydrogen.  Acharya  (1935)  observed  that 
the  C02/CH4  ratio  was  about  unity  at  successive  stages  of  decomposi¬ 
tion  and  concluded  that  the  above  relationship  agreed  with  the  hypo¬ 
thesis  that  organic  acids  were  first  formed,  and  then  decomposed  into 
equivalent  amounts  of  CH4  and  C02  (Buswell  and  Boruff,  1932  ; 
Symons  and  Buswell,  1933  ;  Tarwin  and  Buswell,  1934).  In  general, 
several  workers  have  observed  that  the  combustible  gas  produced  con¬ 
tained  50  to  60  per  cent  methane,  5  to  10  per  cent  hydrogen,  and  30  to 
40  per  cent  carbon  dioxide. 

Fowler  and  Joshi  (1923)  used  materials  rich  in  different  constitu¬ 
ents  like  cellulose,  hemicellulose  and  lignin,  e.g.,  filter  paper  (cellulose), 
newspaper  (ligno-cellulose),  banana  skin  (hemicellulose),  etc.,  which 
they  inoculated  with  sludge  from  a  septic  tank  in  a  suspension  of  water 
at  a  temperature  of  35°C.  They  found  cellulosic  materials  to  be  more 
resistant  to  gas  production  than  hemicelluloses  ;  the  latter  gave  gas 
i  ich  in  methane.  The  rate  and  period  of  gas  production  also  varied 
greatly  from  material  to  material. 


Boruff  and  Buswell  (1934)  concluded  from  their  experiments  on 
corn-stalks  that  the  lignin  fraction  underwent  substantial  decomposi¬ 
tion  and  that  presumably  it  produced  a  part  of  the  combustible  gas. 
They  found,  however,  that  isolated  lignin  produced  no  gas  and  was 
on  the  other  hand,  harmful  in  action  and  decreased  the  gas  yield  when 
added  to  an  actively  fermenting  corn-stalk  medium 

Max  Levine  et  al.  (1935),  Nelson  et  al.  (1939  a,  b  •  1940) 

terete  rff  and’“ 

as  cellulose  or  hemicellulose.  They  explained  the  ha^m  J' eftet'o" 

"ireerririrri:;  %%  rrr 

after  prolonged  anaerobic  digestion,  only  about  I0  to  20  per  etu  of‘  f' 
hgnin  fraction  of  different  materials  like  rice  straw  oat  ^traw  ,  I  * 
straw,  barley  straw,  bracken,  grass  and  rapecake  „nrJ  Z’  ^ 
tion  (cf.  Norman,  1936)  P  deiwent  decompo- 
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from  the  added  water. 

Nelson  et  al.  (1939,  1940)  compared  the  quantity  and  quality  of 
the  gas  produced  from  corn  stalks,  seed  flax,  cooked  saw-dust  liquor, 
filter-paper  and  lignin  preparation.  They  found  that  the  lignin  gave 
the  lowest  production  of  gas  per  gram  of  total  solids  taken  and  filter 
paper  (cellulose)  gave  the  highest. 

Desai  and  Biswas  (1945)  found  that  when  cow  dung  was  added 
daily,  the  quantity  of  gas  produced  in  their  pilot  plant  ranged  from 
0.2  to  0.3  cu.  ft.  per  lb.  of  fresh  dung  added  during  the  winter  months 
(mean  daily  temperature  10°-15°C)  and  from  0.6  to  0.8  cu.  ft.  of  gas 
per  lb.  of  dung  added  during  the  summer  months  (means  daily  tem¬ 
perature  20°-30°C).  The  quantities  of  gases  obtained  in  their 
laboratory  experiments  from  different  raw  materials  are  shown  in 
Table  I. 


Table  I. 

Quantity  of  gas  prepared 

FROM  DIFFERENT 

MATERIALS 

Amount  of 

Percentage 

composition 

gas  per  lb. 

Materials 

of  dry 
matter 

Cu.  ft. 

ch4 

H, 

CO, 

Dry  leaf  powder 

7.0 

44.44 

10.78 

44.70 

Sugarcane  trash 

12.0 

45.44 

10.23 

44.33 

Maize  straw 

1.30 

45.94 

10.26 

43  83 

Activated  sludge 

10.0 

43.82 

11.82 

45.90 

Straw  powder 

150 

46.42 

9.88 

44.70 

.hggergluss  iouna  inai  ai  uv  x  ,  - -  r 

gas  was  produced  as  could  be  obtained  at  86°F  (Rosenberg,  1952  a). 
Above  95°F,  there  was  no  appreciable  increase.  Chaffed  straw  digested 
more  rapidly  than  long  straw.  The  digestion  of  about  half  the  organic 

matter  took  place  in  about  four  days  at  a  temperature  of  86  F,  the 

remaining  portion  digesting  much  more  slowly.  The  optimum  tem¬ 
perature  was  86°  to  90°F.  A  satisfactory  output  of  gas  was  between 
0  8  to  0.9  cu.  ft.  of  digester  space.  One  pound  of  dry  matter  in  the 

refuse  produced  about  4  cu.  ft.  of  gas.  Pig  manure  was  particularly 

found  to  be  a  rich  source  of  methane  gas. 

Utilisation  of  the  Combustible  Gas.  Desai  and  Biswas  (194o) 
reported  that  the  combustible  gas  produced  by  digestion  of  cow  dung 
nossessed  a  B  Th.  U.  value  of  about  550  per  cu.  ft.,  which  compaies 

Lv^ably  with  the  value  of  450-500  B.  Th-  U.  per  cu.  ft.  of  ordinary 

town  gas  prepared  from  coal  or  oil.  . 

Martin  Leake  and  Howard  (1952  a)  quote  French  data  to  show 


7 


that  the  biological  fuel  gas  liberated  on  combustion  4,500  to  6,000 
calories  of  heat  per  cu.  meter.  One  cubic  meter  of  gas  at  6,000  calories 
was  equivalent  to  the  following  quantities  of  othei  fuels  .  1.1  litre 
of  alcohol,  0.8  litre  of  gasoline  ;  0.6  litre  of  crude  oil  ;  1.5  cu.  meter  of 
commonly  manufactured  city  gas  ;  1.4  kg.  of  charcoal  ;  2.2  kilowatt 

hours  of  electrical  energy. 

The  gas  can  be  used  for  purpose  of  household  cooking  by  being 
burnt  in  burners  with  wider  orifices  than  ordinary  Bunsen  Burners.  A 
peculiarity  of  the  gas  is  that,  in  contrast  to  coal  gas  or  oil  gas,  it 
burns  with  a  non-luminous  flame,  even  without  admixture  with  air. 
It  forms,  however,  explosive  mixtures  with  air,  even  in  proportion  of 
5  to  14  per  cent  methane. 

The  gas  can  be  used  for  household  lighting  by  burning  in  gas 
lamps  provided  with  mantles.  The  luminescence  is  greater  when 
the  gas  is  supplied  under  pressure  of  say  six  to  eight  inches  of  water- 
head. 

The  gas  is  compressed  in  cylinders  at  a  pressure  of  5,000  lb.  per 
sq.  inches  (to  about  l/20th  volume)  and  used  for  driving  gas  engines, 
motor  lorries  and  tractors  (Rosenberg,  1952  a).  Filters  to  remove 
solid  particles  are  not  necessary  (cf.  coal  gas),  but  in  order  to  minimise 
attack  on  engine  parts,  the  gas  should  be  freed  from  H2S  by  passing  it 
through  a  tube  containing  ferric  oxide.  The  ferric  oxide  is  converted 
into  ferric  sulphide,  w'hich  can  be  renovated  again  by  exposure  to  air 
or  by  gentle  heating.  The  gas  engine  can  be  used  for  driving  machi¬ 
nery  or  it  can  be  coupled  to  an  electric  generator  to  produce 
electricity. 

Patel  (1941)  gave  data  regarding  gas  consumption  for  different 
purposes  (Table  II). 


Table  II.  Gas  consumption  for  different 


PURPOSES 


Use 


Units  of  consumption  of  gas 


For  cooking  purposes  (per  person  per 
day) 

To  operate  gas  lamps  (40  C  P.) 

To  operate  gas  engines 
To  produce  electricity 

In  place  of  petrol 

In  place  of  diesel  oil 


12  to  15  cu.  ft. 

2J  cu.  ft.  per  mantle  per  hour 

16  cu.  ft.  per  B.H.P.  per  hour 

22cu.  ft.  gas  equivalent  to  1  unit  (K.  W. 
ri.)  of  electricity 

petrol1’  ft’  SaS  equivalent  to  1  gallon  of 
ft>  gas  equivaIent  to  1  gallon 
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Manurial  Value  of  Digested  Sludge.  Many  workers  have  found 
that  manure  production  by  anaerobic  digestion  is  more  efficient  in 
respect  of  nitrogen  conservation  than  aerobic  methods.  Desai  and 
Biswas  (1045)  obtained  manure  containing  1.7  per  cent  nitrogen  in  the 
dry  matter  and  the  manure  showed  better  effect  on  crops  than  farm¬ 
yard  manure.  Scheffer,  YVelte  and  Kemmler  (1953)  found  that  the 
process  of  anaerobic  digestion,  when  compared  to  the  convent ional 
handling  of  manure,  decreased  loss  of  nitrogen  from  18.5  per  cent 
to  1.0  per  cent  and  that  of  carbon  from  33  per  cent  to  7.3  per  cent. 
There  was  no  loss  of  phosphorus,  potassium  or  calcium  in  the  anae¬ 
robic  method. 

The  Allerhop  experiments  (Rosenberg,  1952  a)  showed  that  the 
manure  produced  by  anaerobic  digestion  gave  higher  crop  yields  than 
ordinary  farmyard  manure.  , The  manure  was  specially  valuable  on 
light  soils  like  that  at-Luneberg  Heath  (Germany)  and  produced  good 
effect  on  crops  like  potatoes,  vegetables  and  tomatoes.  Since  loss  of 
nitrogen  was  observed  in  the  manure  after  prolonged  digestion,  the 
Allerhop  workers  (Rosenberg,  loc  cit.)  recommend  digestion  to  an 
extent  of  30  per  cent  only  of  the  organic  matter  or  22.5  per  cent  of 
the  dry  matter,  in  order  to  obtain  good  quality  manure  without  loss  of 
nitrogen,  along  with  good  gas  production. 

Economics  of  Biological  Gas  Production.  In  the  case  of 
small  plants  producing  up  to  ICO  cu.  ft.  of  gas  per  day,  i.e.,  enough 
to  meet  the  fuel  needs  of  an  average  family,  the  opeiation  charges 
are  low,  since  the  dumping  of  the  refuse  into  the  digester  can  be 
considered  to  form  part  of  the  normal  work  of  the  refuse  disposal.  The 
equipment  being  simple  and  automatic,  the  digestion  or  production 
of  gas  does  not  require  special  attention  or  labour.  It  is  possible  to 

cut  down  capital  expenditure  by  setting  up  simple  models,  e.  g.,  a 
masonry-well  built  into  the  ground,  with  a  gas  holder  inverted  on 
top  of  the  well.  Such  simple  installations  involve  low  maintenance 
charges  and  last  for  20  to  25  years.  As  the  result  of  the  working  of 
such  installations  in  France,  Creplet  (Martin  Leake  and  Howard, 
1952  a)  gave  the  following  figures  of  comparative  costs  : 

In  the  case  of  bigger  plants  which  are  fully  mechanised,  e.  g.,  the 

plant  at  Allerhop,  special  expenses  have  to  be  incurred  for  operating 
the  pumps  and  other  machinery  and  also  for  supervision:  Mart, n 

Leake  and  Howard  loc  cit.  stated  :  "The  figures  quoted  for  Allerhop 
designed  for  1(15  heads  of  cattle,  allowing  for  interest  anc 
amortization  at  7.5  per  cent  and  including  wages  at  £210  per 
annum,  are  estimated  to  work  out  to  £730  running  costs  per  annum, 
Which  gave  a  saving  of  £825  per  annum  over  the  costs  of  other  fotms 
of  power,  with  residual  fertilizer  values  ignored  . 
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Table  III.  Comparative  cost  of  workimg  of  fuel  gas  intallatiqn  in  fran 
Fer  100  calories  applied  to  heating  Cost  in  franc 


Household  coal 
Coal  gas 

Electricity  (@  2.60  fr.  per  kw.) 

Methane,  allowing  for  10  years  amortilization 
Methane  after  amortilization 

Sanitary  Aspects  of  Anaerobic  Digestion.  A  special  feature 
of  the  method  of  anaerobic  digestion  is  that  it  avoids  fly  and 
mosquito  breeding,  although  cattle  dung  normally  is  very  attractive 
to  flies  and  mosquitoes.  The  method  can,  therefore,  be  claimed  to 
effect  a  sanitary  improvement  over  the  ordinary  methods  of  refuse 
disposal. 

Only  a  trace  of  hydrogen  sulphide  is  normally  present  in  the 
gases  formed  during  anaerobic  digestion,  but  the  proportion  some¬ 
times  increases  when  the  digestion  is  prolonged  or  when  excess  of 
protein  matter  is  present  in  the  digestion  medium.  There  is  no 
nuisance  of  smell,  however,  when  the  gas  is  burnt  for  fuel  or  used  for 
lighting  purposes  in  gas  lamps,  since  in  both  the  cases  hydrogen 
sulphide  is  burnt  off  along  with  the  methane  present. 

As  regards  the  destruction  of  pathogenic  organisms  contained  in 
the  dung  and  other  refuse  used  for  gas  production,  the  heat  produced 
during  anaerobic  digestion  is  much  lower  than  that  produced  during 
aerobic  decomposition,  and  hence  the  pathogens  are  not  destroyed  in 
the  former  case  as  rapidly  as  in  the  latter.  The  experimental  work 
carried  out  on  the  digestion  of  sewage  sludge  (Stokes  et  al.,  1945)  has 
shown  that  most  of  the  pathogens  could  be  destroyed  by  prolonged  di¬ 
gestion,  for  a  period  of  one  month  at  least,  especially  if  the  tempera¬ 
ture  is  above  20  C.  Hence,  in  designing  digestion  chambers,  it  would 
be  necessary  to  fix  their  volumes  at  about  30  times  the  volume  of  the 
quantity  of  refuse  added  daily,  so  that  the  refuse  may  remain  in  the 
digester  for  a  period  of  30  days  at  least,  before  it  is  taken  out  for  use 
as  manure.  In  the  case  of  models,  wherein  the  digestion  chamber  is 
completely  filled  up  by  one  charge,  it  would  be  necessary  to  keep  the 
volume  of  the  chamber  sufficiently  great,  so  that  gas  production 
continues  at  a  high  level  for  a  period  of  one  month,  aftor  which  the 
chamber  can  be  emptied  and  refilled. 


0.45 
1.00 
3.00 
0  14 
0.05 


II  LABORATORY  INVESTIGATIONS 


The  review  of  literature  presented  in  Parti  shows  that  consi¬ 
derable  differences  in  the  designs  of  biological  fuel  gas  plants  exist  in 
the  models  set  up  at  different  centres.  Since  the  object  of  the  investi¬ 
gations  reported  in  the  present  pamphlet  was  to  devise  a  plant  which 
would  combine  high  gas  production  capacity  with  low  construction 
and  operation  charges,  it  seemed  worthwhile  to  examine  at  first  in 
the  laboratory  some  of  the  factors  which  influence  the  quantity  and 
quality  of  combustible  gas  produced  by  anaerobic  fermentation,  so  as 
to  incorporate  the  good  points  in  the  design  and  operation  ot  the 
improved  models  of  gas  plants. 

The  laboratory  experiments  were  carried  out  by  using  two  to  five 
litre  glass  bottles  as  digestion  chambers  and  two  to  five  litre  calibrated 
aspirator  bottles  as  gas  holders.  The  raw  material  used  in  most  of  the 
experiments  reported  in  this  section  was  bullock  dung.  Weighed  quan¬ 
tities  of  fresh  bullock  dung  were  mixed  with  water  and  a  microbial 
inoculum  of  digested  slurry  obtained  from  a  fuel  gas  plant  and  fer¬ 
mented  in  the  equipment  shown  in  Fig.  1.  A  duplicate  sample  of  the 
dung  was  taken  for  estimation  of  moisture  present. 

In  Fig.  1,  A  is  the  fermentation  bottle,  B  the  gas  holder  and  the 
exit  tube  from  cock  D  is  connected  by  means  of  rubber  connection  to 
a  T-tube  F,  one  end  of  which  is  bent  at  G  and  dips  into  the  vessel  H. 
The  aspirator  bottle  B  was  calibrated  by  pasting  a  slip  of  paper  veiti- 
cally  along  its  height,  filling  the  bottle  with  water  up  to  coik  level, 
then  pipeting  out  measured  volumes  of  water  from  the  bottle  and 
noting  on  the  slip  of  paper  the  levels  corresponding  to  the  volumes  so 
removed. 

At  the  beginning  of  an  experiment,  the  slurry  prepared  by  uni¬ 
formly  mixing  the  bullock  dung  with  water  and  microbial  inoculum 
was  poured  into  bottle  A,  then  bottle  B  was  filled  up  to  the  coik  level 
with  water,  after  raising  the  tube  F  to  the  extent  that  the  water  in  the 
arm  G  was  at  the  same  level  as  the  water  in  bottle  B.  1  he  tube  G 
was  then  connected.  When  gas  was  produced  in  the  feimentation 
bottle  A,  it  dislodged  the  air  in  bottle  A  which  passed  over  into 
bottle  B  and  lowered  its  water  level  and  some  of  the  water  went  out 
into  vessel  H  through  the  rubber  tube  and  arm  G.  At  the  end  oi  a 
definite  period  of  fermentation,  usually  every  24  hours  the  arm  F  was 
lowered  till  the  water  level  in  F  was  the  same  as  in  bottle  B,  and  the 
volume  of  gas  accumulated  in  bottle  B  was  read  on  the  calibrate 
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slip  of  paper.  This  volume  was  checked  by  measuring  the  volume  of 
water  that  was  displaced  and  accumulated  in  the  vessel  H.  It  was 
found  that  the  two  values  agreed  closely.  Since  the  volume  of  dis¬ 
placed  water  in  vessel  H  could  be  measured  with  greater  accuracy 
than  the  readings  of  water  level  on  the  calibrated  slip  of  paper  fixed 
to  bottle  B,  the  gas  volumes  reported  in  this  Section  were  determined 
by  measurement  of  the  volumes  of  displaced  water.  In  each  case, 
the  atmospheric  temperature  and  pressure  were  also  noted  and  the 
volume  of  gas  measured  was  corrected  to  N.T.P.  by  the  usual 
formula  PV  =  RT,  after  deducting  from  the  observed  pressure  of  the 
gas  the  saturated  vapour  tension  of  water  at  the  observed  tempera¬ 
ture.  All  the  gas  volumes  reported  in  this  section  are  values  corrected 
to  N.  T.  P.  During  the  experimental  periods,  in  order  to  maintain  a 
constant  temperature  of  fermentation,  the  bottle  A  was  kept  in  an 
incubator  at  a  temperature  of  30°C±1CC. 

The  water  used  for  filling  up  the  bottle  B  was  first  saturated  with 
the  gases  of  fermentation,  by  bubbling  the  gases  pioduced  fiom  a 
cow-dung  gas  plant  through  the  water  fora  peiiod  ol  lo  minutes. 
Hence  no  correction  was  applied  in  noting  the  volumes,  foi  the 
solubility  of  the  gases  in  the  water  contained  in  bottle  B.  The  watei 
flowing  out  of  the  bottle  B  was  again  used  for  refilling  the  bottle. 
The  following  experiments  were  carried  out: 

The  Course  of  Gas  Production  with  Time.  Five  hundred  gram 
portions  of  bullock  dung  containing  18.4  per  cent  dry  matter  were 
mixed  with  500  ml.  of  water  and  2  litres  of  fermented  slurry  inoculum 
obtained  from  a  fuel  gas  plant,  so  as  to  form  a  uniform  suspension, 
added  to  bottle  A  and  connected  to  the  gas  holder  B.  A  separate 
sample  of  the  bullock  dung  was  weighed  out  for  estimation  ol 
moisture.  A  parallel  set  was  run  using  500  ml.  of  water  and  two  litres 
'of  inoculum  only  without  the  addition  of  bullock  dung.  The 
*  quantity  of  gas  produced  in  each  case  was  noted  at  intervals  of -4 
hours,  over  a  period  of  six  weeks.  The  data  obtained  are  presented 

in  Table  IV. 

The  data  show  that  :  (a)  the  gas  production  due  to  the  added 

bullock  dung  is  high  in  the  first  week  and  rapidly  falls  down  in  the 

succeeding  weeks,  till  in  the  sixth  week  the  difference  between  the  ex¬ 
perimental  bottle  (with  bullock  dung)  and  the  control  (without  bullock 
dung)  becomes  negligible ;  (b)  about  80  per  cent  of  the  total  gas 
production  due  to  the  added  bullock  dung  is  obtained  within  a  period 
of  three  weeks  and  about  90  per  cent  in  four  weeks  time  ;  an  (c)  c 

total  extra  gas  production  in  four  weeks  time,  due  to  the  a  ltion  o 
grams  of  fresh  bullock  dung,  comes  to  about  45  litres,  which  wor  s  ou 
to  a  production  rate  of  about  90  ml.  of  gas  in  four  weeks  per  gram  o 
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Table  IV.  Course  of  gas  production 


Period 

Gas  production 
from  500  gm. 
bullock  dung 
plus  inoculum 
(litres) 

Gas  production 
from  the 
inoculum 
alone 
(litres) 

Extra  gas  pro¬ 
duction  due  to 
added  bullock 
dung 
(litres) 

1st 

week 

25.02 

6.77 

18  25 

2nd 

week 

19.10 

5.99 

13  11 

3rd 

week 

14.22 

5.38 

8.84 

4th 

week 

9  81 

4.89 

4.92 

5th 

week 

7.31 

4.52 

2.79 

6th 

week 

5.66 

4.10 

1.56 

Total 

81.12 

31.65 

49.47 

fresh  bullock  dung  added,  or  about  400  ml.  of  gas  per  gram  of 
dry  matter  in  the  dung.  In  terms  of  lb.  and  cu.  ft.,  the  above  data 
work  out  to  about  1.45  cu.  ft.  of  gas  in  4  weeks  per  lb.  of  fresh 
bullock  dung  added  and  7.86  cu.  ft.  of  gas  in  4  weeks  per  lb.  of  dry 
matter  in  the  dung. 

Samples  of  the  gas  produced  were  analysed  from  time  to  time  in  a 
Haldane  Gas  Analysis  apparatus  and  were  found  to  contain  55  to  CO 
per  cent  methane,  5  to  10  per  cent  hydrogen  and  30  to  35  per  cent 
carbon  dioxide.  The  gas  produced  was  combustible  and  burned  with 
a  blue  flame. 

Effect  of  the  Dilution  of  Bullock  Dung  on  the  Rate  of  Gas 
Production.  Five  hundred  gram  portions  of  bullock  dung,  contain¬ 
ing  18.1  per  cent  dry  matter,  were  mixed  with  350  ml.  of  fermented 
slurry  inoculum  containing  6.1  per  cent  total  solids  and  extra  water 
was  added  so  as  to  dilute  the  contents  to  different  levels  of  total  solids, 
viz.,  5,  6,  7,  8,  9,  10,  1 1  and  12  per  cent  solids  in  the  total  mixture. 
It  was  found  that  in  the  case  of  above  12  per  cent  solids,  the  liquid 
became  highly  viscous  and  unsuitable  for  addition  to  tanks  through 
pipe  connections.  In  the  case  of  below  5  per  cent  solids,  the 
suspension  was  unstable  and  the  solids  readily  separated  and  settled 
down  as  a  separate  layer.  As  a  homogeneous  suspension  was 
favourable  for  rapid  decomposition,  levels  of  total  solids  ranging  from 
.>  to  12  per  cent  only  were  taken  up  for  examination.  In  each  case, 
the  gas^  production  was  measured  over  a  period  of  four  weeks! 
'Control’  bottles  were  run,  containing  the  slurry  inoculum  of  250  ml. 
along  with  different  quantities  of  water,  but  without  the  dung,  and 
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the  gas  values  for  the  control  were  deducted  from  the  expei  imental 
values,  in  order  to  obtain  the  gas  values  lor  the  bullock  dung  only,  at 
different  levels  of  dilutions  (Table  V). 


Table  V.  Effect  of  different  dilution  levels  on  gas  fkoductk  n 


Gas  production  in 
litres  after  deducting 
the  value  for  the 
control 

Percentage  solids 

5 

6 

7 

8 

9 

10 

11 

12 

Jst  week 

3.80 

4.40 

5.05 

5.20 

4.80 

3.90 

3.15 

2.80 

2nd  week 

4.60 

5.10 

6.20 

7  40 

6.50 

4  80 

4.40 

3  80 

3rd  week 

3.40 

3.90 

4.70 

4.50 

4.80 

4. CO 

4.10 

3  60 

4th  week 

2.05 

2.80 

2.40 

2.80 

2.6® 

2.25 

2.00 

1.90 

Total  gas  in  4  weeks 
(litres) 

j  13.85 

16.20 

18.35 

19  90 

18.70 

14.95 

13.65 

12.10 

The  data  show  that  a  level  of  7  to  9  per  cent  total  solids  is 
optimum  for  rapid  evolution  of  gas.  Higher  concentrations  of  solids 
delay  the  initiation  of  gas  production,  presumably  due  to  high  visco¬ 
sity  of  the  medium  ;  and  low  concentrations  of  total  solids  also  give 
lower  efficiency,  due  possibly  to  the  rapid  settling  down  of  the  solids 
and  formation  of  a  compact  layer  at  the  bottom  of  the  bottle,  which  is 
not  decomposed  easily. 

Influence  of  Different  Proportions  of  Dung  to  Slurry  Inoculum 
on  Gas  Production.  As  already  described  in  Part  I,  some 
models  of  gas  plants  have  oeen  designed,  these  take  in  the  refuse  in 
one  charge  so  as  to  fill  up  the  whole  of  the  fermentation  tank,  and 
other  models  take  in  the  charge  in  small  doses  daily.  The  latter 
designs  of  gas  plant  are  more  suited  for  dealing  with  bullock  dung, 
supplies  of  which  become  available  for  use  daily.  In  the  above  design, 
the  proportion  of  the  quantity  of  old  slurry  present  in  the 
fermentation  tank  to  the  weight  of  fresh  dung  added  daily,  will  be  an 
important  factor  controlling  the  rapidity  of  decompostion  and  gas 
production.  In  order  to  examine  this  point,  two  litre  poitions  of 
slurry  inoculum  obtained  from  a  fuel  gas  plant  weie  mixed  with 
different  quantities  of  bullock  dung,  in  proportions  ranging  from  40  :  1 
to  1:1  and  the  quantities  of  gas  produced  were  measured  ovei  a  peiiod 
of  four  weeks.  A  control  was  run  for  the  slurry  inoculum  only  and 
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the  value  for  the  control  was  deducted  from  the  experimental  values, 
in  order  to  obtain  the  gas  production  for  the  bullock  dung  only 

(Table  VI). 

Table  VI.  Effect  of  different  proportions  of  slurry  inoculum  added  to  dung 


Proportion  of  slurry  inoculum  added  to  dung 


40  :  1 

30  :  1 

20  :  1 

10:  1 

5  :  1 

2  :  1 

1  :  1 

Total  gas  production 
in  4  weeks  (litres) 

24.26 

24.98 

26.33 

30.26 

37.35 

56.59 

83.38 

Gas  production  from  the 
inoculum  alone  (litres) 

21.63 

21.67 

21.67 

21.67 

21.67 

21.67 

21.67 

Net  gas  production 
from  added  dung 
alone  (litres) 

2.59 

3.31 

4  66 

8  59 

15.68 

34.92 

61.61 

Gas  production  in 

4  weeks  per  gram  of 
bullock  dung  added 
(litres) 

0.103 

0  099 

0093 

0  086 

0.079 

0.070 

_ 

0.062 

The  data  show  that  the  quantity  of  gas  produced  per  gram  of 
bullock  dung  added,  increases  with  increasing  proportions  of  slurry  in¬ 
oculum  to  dung.  When  the  proportion  is  1  :  1,  the  gas  production  is 
only  about  60  per  cent  of  the  quantity  produced  when  the  proportion 
is  widened  to  40  :  1.  The  rapidity  of  gas  production  shows  a  con¬ 
siderable  increase  when  the  proportion  of  slurry  inoculum  to  dung 
widens  from  1  :  1  to  20  :  1  and  the  increase  is  slower  when  the  above 
proportion  widens  still  further  to  30  :  1  or  40  :  1 .  It  would  thus  be 
seen  that  for  efficient  gas  production,  the  tank  size  should  be  at  least 
30  times  and  preferably  40  times  the  volume  of  the  bullock  dung 
added  daily  to  the  tank.  Under  the  above  conditions,  the  material 
added  daily  will  remain  in  the  tank  for  a  period  of  30  to  40  days, 
and  the  data  presented  in  Table  I  show  that  nearly  90  per  cent 
of  the  total  gas  production  is  obtained  within  a  period  of  four 
weeks. 

Nitrogen  Balance  of  Dung  During  Anaerobic  Digestion. 

Since  the  digested  slurry  obtained  after  gas  production  is  to  be  used 
as  manure  and  nitrogen  is  the  most  important  plant  nutrient  con¬ 
tained  in  it,  it  seemed  useful  to  examine  whether  loss  of  nitrogen 
occurs  during  the  process  oi  anaerobic  digestion  for  obtaining  com¬ 
bustible  gas.  For  this  purpose,  a  3  lb.  sample  of  fresh  bullock  dung 
(containing  20.85  per  cent  dry  matter),  was  mixed  with  2  litres  of 
water  and  500  ml.  of  slurry  inoculum  and  was  fermented  for  a  period 
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of  four  weeks.  Between  bottles  A  and  B  (Fig.  1),  a  conical  flask 
containing  a  known  volume  of  standard  sulphuric  acid,  coloured  with 
a  few  drops  of  methyl  red  indicator  was  interposed,  so  that  the  gases 
produced  from  the  fermentation  bottle  A  bubbled  through  the 
sulphuric  acid  and  any  ammonia  carried  with  the  gases  may  be 
absorbed  before  the  gases  pass  into  the  gas  holder.  After  four 
weeks  of  fermentation  the  fermentation  bottle  and  the 
conical  flask  were  detached.  The  sulphuric  acid  present  in  the 
conical  flask  was  titrated  against  standard  alkali,  in  order  to 
find  out  the  quantity  of  acid  neutralized  by  the  ammonia  evolved. 
The  digested  slurry  contained  in  the  fermentation  bottle  A  was 
measured  in  volume  and  after  it  was  thoroughly  mixed,  an  aliquot 
was  taken  for  estimation  of  total  nitrogen  by  the  Kjeldahl  method 
and  a  second  aliquot  was  taken  for  the  estimation  of  ammoniacal 
nitrogen  by  distillation  with  magnesium  oxide.  A  third  aliquot  was 
taken  for  the  estimation  of  dry  solids  by  evaporation.  After  evapora¬ 
tion  the  dry  matter  was  weighed  and  analysed  for  total  nitrogen  by  the 
Kjeldahl  method  and  for  ammoniacal  nitrogen  by  distillation  with 
water  and  magnesium  oxide.  The  results  obtained  are  presented  in 
Table  VII. 


Table  VII.  Nitrogen  balance 


Particulars 

Total  N 
gm. 

NH«— N 

gm . 

Non-ammo 
niacal  N 
gm. 

Taken  at  the  start 

In  2  litres  water 

nil 

nil 

nil 

In  3  lb.  bullock  dung 

3.805 

0.130 

3.675 

In  500  ml.  inoculum 

0.798 

0.126 

0.672 

Total  taken  at  the  start 

4.603 

0.256 

4.347 

Recovered  after  4  week’s  fennentalian 

In  gases  evolved 

0.005 

0.005 

nil 

In  3,800  ml.  digested  slurry 

4.536 

0.797 

3.739 

'O 

Total  recovered  after  fermentation 

4.541 

0.802 

3.739 

Recovered  in  the  dried  residue  after 
evaporating  3,800  ml.  digested  slurry 
(Dry  matter=209.6  gm.) 

3.731 

■  ^ 

0.028 

3.703 

The  data  presented  in  I  able  VII  show  that;  (i)  during  the 
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process  of  anaerobic  fermentation  of  bullock  dung,  about  15  per  cent 
of  the  total  nitrogen  contained  in  the  dung  was  converted  into  the 
ammoniacal  form,  (ii)  almost  the  whole  of  the  ammonia  formed 
(0.797  gm.)  remained  in  solution  in  the  digested  slurry  and  very  little 
of  it  (0.005  gm.)  escaped  with  the  gases  evolved,  (iii)  on  drying  the 
digested  slurry,  about  96  per  cent  of  the  dissolved  ammonia  escaped 
into  the  air.  In  order  to  explain  the  loss  under  item  (iii),  a  measure¬ 
ment  of  the  pH  of  the  medium  before  and  after  fermentation  was 
made  by  the  glass  electrode.  The  pH  in  the  beginning  was  found 
to  be  7.2  and  after  fermentation  8.3.  The  increased  alkalinity  was 
presumably  due  to  the  accumulation  of  ammonia  in  the  slurry  after 
digestion.  Due  to  the  alkaline  pH,  almost  the  whole  of  the  ammonia 
present  was  lost  by  volatilization  during  the  evaporation  and  drying 
of  the  digested  slurry.  Table  IV  shows  that  the  dried  residue  con¬ 
tained  only  1.78  per  cent  of  nitrogen  whereas  if  there  was  no  loss  of 
ammoniacal  nitrogen,  the  total  nitrogen  should  come  to  about  2.16 
per  cent  of  the  dry  matter.  It  is  interesting  to  note  in  this  connection 
that  previous  workers  like  Desai  and  Biswas  (1946)  reported  a  nitro¬ 
gen  content  of  1.71  per  cent  in  the  digested  slurry,  but  they  did  not 
report  the  appreciable  loss  of  ammonia  occurring  during  the  drying 
process. 

As  the  above  formation  of  appreciable  quantities  of  ammonia  dur¬ 
ing  anaerobic  digestion  of  bullock  dung  and  its  subsequent  loss  during 
drying  is  of  practical  importance  in  using  the  manure  in  the  best 
manner  possible,  further  measurements  of  the  quantity  of  ammonia 
so  formed  were  carried  out  in  other  sets  of  bottle  experiments.  The 
results  are  shown  in  Table  VIII. 


Table  VIII.  Formation  of  ammonia  during  anaerobic  digestion  of  dung 


Experiment 

Total  N  in 
digested 
slurry 
(gm.) 

NH4-N  in 
digested 
slurry 
(gm.) 

Total  N  in 
dried  diges¬ 
ted  slurry 
(gm.) 

Loss  of  N 

(gm.) 

Bottle  experiment  No.  8 

2.140 

0.376 

1.769 

0.380 

-do- 

1.790 

0.210 

1  540 

0.250 

-do- 

1.996 

i 

0.327 

1.620 

0.376 

- . uaid  presented  in  iable  VIII  that 

digested  slurry  contains  12  to  18  per  cent  of  its  total  nitrogen  in  the 

form  of  ammonia.  During  the  operation  of  sun-drying,  the  manure 
loses  nitrogen  roughly  equivalent  to  the  whole  of  ammonia  present 

I  he  pH  measurement  carried  out  on  the  digested  slurry  in  Bottle  ex 
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periments  No.  8  to  10  showed  values  ranging  from  8.0  to  8.4.  Analysis 
of  the  residue  left  after  sun-drying  showed  only  very  small  recoveries 
of  ammonia  indicating  that  nearly  the  whole  of  the  ammonia  was  lost 
during  the  process  of  drying  the  alkaline  slurry. 

Development  of  a  Hydrometer  Method  for  Determining  Total 
Solids  in  the  Fermentation  Liquor.  The  data  presented  in  Table 
V  indicate  that  a  dilution  level  of  bullock  dung,  corresponding  to 
7  to  9  per  cent  total  solids  gives  rap  d  production  of  combustible  gas. 
Since  the  estimation  of  total  solids  requires  evaporation  of  measured 
volume  of  slurry,  which  takes  some  time,  it  was  considered  worthwhile 
to  examine  the  possibility  of  devising  a  more  rapid  method  for  deter¬ 
mining  the  total  solids  present  in  the  fermenting  liquid.  Such  a  rapid 
method  would  help  in  controlling  the  rate  at  which  fresh  additions 
of  bullock  dung  are  made  so  as  to  ensure  that  the  total  solids  are 
maintained  in  the  optimum  range  of  7  to  9  per  cent. 

Since  bullock  dung,  when  mixed  with  water  in  proportions  rang¬ 
ing  from  5  to  12  per  cent  total  solids,  forms  stable  suspensions  which 
do  not  settle  quickly,  it  was  considered  that  the  hydrometer  may 
prove  useful  in  determining  the  total  solids  present  in  such  stable 
suspensions.  Experiments  were,  therefore,  conducted  in  the  laboratory 
with  kViown  mixtures  of  bullock  dung  and  water,  in  one  aliquot  of 
which  the  total  solids  were  determined  by  evaporation  over  a  water 
bath  and  subsequent  drying  at  100CC,  and  in  another  aliquot  the 
specific  gravity  of  the  suspension  was  determined  by  the  common 
hydrometer,  dipped  into  the  liquid  and  read  exactly  one  minute 
after  shaking  the  suspension  thoroughly.  The  data  obtained  are  pre¬ 
sented  in  Table  IX. 

A  curve  was  drawn  connecting  the  values  obtained  for  the  hydro¬ 
meter  readings  and  the  total  solids  ^Fig.  2).  The  usefulness  of  the 
above  curve  was  checked  by  making  test  estimations  of  total  solids 
by  the  hydrometer  method  in  a  number  of  cases  and  checking  it  with 
values  obtained  by  the  evaporation  method  (Table  X).  The  data 
obtained  show  that  the  agreement  between  the  values  obtained  by  the 
two  methods  is  quite  satisfactory.  The  hydrometer  method,  being 
quicker,  is  useful  in  making  routine  tests. 

Estimation  of  the  Extent  of  Decomposition  of  Bullock  Dung 
During  Anaerobic  Digestion.  The  extent  of  decomposition  of 
bullock  dung  during  anaerobic  digestion  was  determined  in  tlnee 
ways,  viz.,  (i)  from  the  fall  in  total  solids,  as  estimated  by  the 
evaporation  method,  (ii)  from  the  fall  in  total  solids  as  determined 
by  the  hydrometer  method  ;  and  (iii)  from  the  increase  in  the 
ammoniacal  nitrogen  content  of  bullock  dung  slurry  during  the 
process  of  digestion. 


HYDROMETER  READING 
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Table  IX.  Results  of  hydrometer  tests  conducted  on  mixtures  of 

BULLOCK  DUNG  AND  WATER 


Total  solids  as  determined  by  . 
evaporation 
(per  cent) 

Hydrometer  reading 

10.2 

1375 

9.4 

1.250 

9.0 

1.190 

8.7 

1.150 

8.3 

1.105 

7.8 

1.070 

7.4 

1.055 

6.8 

1.040 

6.0 

1.030 

4.8 

1.020 

3.9 

1.015 

2.5 

1.010 

Table  X.  Total  solids 

-  r 

Experiment 


Bottle  Experiment  No.  1 1 
-do-  No.  12 
Pilot  Fuel  Gas  Plant 
Large  Size  Gas  Plant 


ESTIMATED  BY  HYDROMETER  AND  EVAPORATION 


Hydrometer 

reading 

Total  solids 
found  from 

Fig.  2 
(per  cent) 

Total  solids 
found  by 
evaporation 
(per  cent) 

1.06 

7.40 

7.34 

1.08 

8.00 

8.11 

1.045 

7.10 

7.04 

1  075 

7.90 

8.02 

In  each  case  500  gm.  of  bullock  dung  were  mixed  well  with  2,500 
ml.  of  slurry  inoculum  obtained  from  a  fuel  gas  plant  and  digested 
for  gas  production  for  a  period  of  four  weeks.  Separate  samp  es  o 
the  dung  and  inoculum  were  taken  for  analysts  of  total  solids,  total 
nitrogen  and  ammoniacal  nitrogen.  A  control  bottle  was  run using 
the  slurry  inoculum  only  and  the  values  obtained  for  the  con 
were  deducted  from  the  experimental  values,  in  order  to  obtain 
values  for  the  added  bullock  dung  (Tables  XI-XIII). 
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Table  XI.  Extent  of  digestion— Evaporation  method 


Particulars 

Experimental 
bottle 
(dung  plus 
inoculujn) 

Control  bottle 
(inoculum 
alone) 

Difference 
for  dung 
alone 

Initial  volume  (ml.) 

3,000 

2,500 

500 

Initial  percentage  solids 

8.17 

6.10 

... 

Total  solids  taken  initially  (gm.) 

245.1 

152.5 

92.6 

Final  volume  (ml.) 

2970 

2490 

480 

Final  percentage  solids 

7.1 1 

5  80 

... 

Total  solids  after  (gm.) 
fermentation 

211.2 

144.4 

66.8 

Loss  in  total  solids  (gm.) 

33.9 

8.1 

25.8 

Percentage  digestion  of 
total  solids 

13.83 

5.31 

27.86 

Table  XII.  Extent  of  digestion — Hydrometer  method 


Particulars 

Experimental 
bottle  (dung 
plus  inoculum) 

Control  bottle 
(inoculum 
alone) 

Difference 
for  dung 
alone 

Initial  volume  (ml.) 

3,000 

2,500 

500 

Initial  reading  of  hydrometer 

1.090 

1.035 

•  •  • 

Initial  percentage  solids 
(from  Fig.  2) 

8.10 

6.2 

•  •  • 

Total  solids  taken  initially  (gm.) 

243.0 

155.0 

88.0 

Final  volume  (ml.) 

2,960 

2,490 

470 

Hydrometer  reading  after 
fermentation 

1.050 

1  030 

Percentage  solids  after 
fermentation 

7.20 

6.0 

Total  solids  after  fermentation  (gm.) 

213.1 

149.4 

63.7 

Loss  in  total  solids  (gm.) 

29.9 

5.6 

24.3 

Percentage  digestion  of 
total  solids 

12.30 

3.61 

27.62 
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Table  XIII.  Extent  of  digestion — Ammonia  formation  method 


Particulars 

Experimental 
bottle  (dung 
plus  inoculum) 

Control  bottle 
(inoculum 
alone) 

Difference 
for  dung 
alone 

Total  nitrogen  initially  Igm.) 

4.052 

2  785 

1.267 

NH4-N  present  initially  (gm  ) 

0.457 

0.411 

0.046 

Initial  NH4-N  expressed  as 
percentage  of  total  N 

11.28 

14.76 

3.63 

Total  N  after  digestion  (gm.) 

3.992 

2.773 

1.219 

NHj-N  present  after 
digestion  (gm.) 

0.639 

0.471 

0.168 

Final  NH4-N  expressed  as 
percentage  of  total  N 

16  01 

16.98 

13.78 

Extent  of  digestion  as 
judged  by  increase  in 
percentage  of  NH4-N 
in  total  N  (percent) 

4.73 

2.22 

10.15 

The  data  presented  in  Tables  XI-XIII  show  that  there 
was  close  agreement  between  the  values  obtained  by  the  evaporation 
method  and  the  hydrometer  method,  in  respect  of  percentage  loss  of 
total  solids  during  digestion.  Deducting  the  values  for  the  inoculum, 
it  was  found  that  about  27  to  28  per  cent  of  the  total  solids  in  the 
added  bullock  dung  was  digested  during  a  period  of  four  weeks 
fermentation.  Table  XIII  shows  that  about  10  per  cent  of  the  total 
nitrogen  of  the  added  bullock  dung  was  converted  into  ammonia. 
The  above  percentage  is  much  lower  than  the  percentage  of  total 
solids  digested,  which  shows  that  the  rate  of  ammonia  formation  in 
the  medium  can  give  only  a  qualitative  indication  of,  but  not  a 
quantitative  measure  of  the  extent  of,  digestion  ol  the  added  bullock 
dung. 

Relation  between  the  Chemical  Composition  of  Organic 
Materials  and  the  Composition  and  Quantity  of  Gases  Produced. 
For  this  purpose,  organic  materials  belonging  to  the  following  groups, 
varying  in  their  chemical  composition,  were  digested  in  bottles  for 
gas  production  :  (a)  a  material  rich  in  sugars  like  gui  (jaggery), 

(b)  materials  rich  in  starch  like  potato  tuber  and  maize  seed,  ( c .)  a 
material  rich  in  cellulose  like^ffilter-paper,  (d)  a  mateiial  iich  in 
lignin  and  ligno-cellulose  like  sawdust,  (e)  a  material  rich  in  fat  like 
groundnut  seed,  (f)  materials  rich  in  hemicelluloses  like  groundnut 
shell  and  sugarcane  bagasse,  (g)  materials  rich  in  proteins  like 
peptone  and  bloodmeal,  and  (h)  materials  which  contain  balanced 
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quantities  of  hemicelluloses,  cellulose  and  protein  like  sann-hemp 

dhaincha,  gram  pulse  and  bullock  dung. 

The  above  materials  were  first  analysed  for  their  proximate  con¬ 
stituents  like  :  (i)  ether  soluble  fraction  by  extraction  with  petroleum 
ether  (B.  P.  70-90°C,  8  hours  extraction  in  a  Soxhlet),  (ii)  cold  water 
soluble  fraction  (by  shaking  a  5  gm.  portion  of  the  material  with  100 

ml.  of  distilled  water  for  30  minutes  and  then  filtering),  (m)  starch 
by  hydrolysis  with  diastase  and  estimating  the  sugars  foimed  {vide 
A.O.A.C.,  1952),  (iv)  cellulose  by  Norman  and  Jenkins’  (1933) 
method,  (v)  lignin  by  the  same  method,  (vi)  crude  protein,  (by 
estimating  the  nitrogen  content  and  multiplying  by  6.25),  and 
(vii)  hem  celluloses  (by  digestion  with  5  per  cent  sulphuric  acid 
at  100°C  for  30  minutes  and  estimating  the  sugars  formed). 

Fifty  gram  portions  of  the  air  dried  materials  were  mixed  with 
400  ml.  water  and  100  ml.  of  inoculum  from  a  cow  dung  gas  plant 
and  digested  in  one  liter  glass  bottles  for  gas  production  for  a  period 
of  four  weeks.  The  gas  collected  was  measured  and  the  volume 
corrected  to  N.  T.  P.  From  time  to  time,  during'  the  four  weeks, 
the  gas  produced  was  analysed  in  a  Haldane  gas  analysis  apparatus 
for  its  constituents  like  methane,  hydrogen  and  carbon  dioxide.  A 
control  bottle  was  run  with  the  inoculum  only  and  the  gas  values 
obtained  for  the  control  were  deducted  from  the  experimental  values, 
in  order  to  obtain  the  values  for  the  added  organic  material.  The 
slurry  inoculum  was  analysed  in  the  beginning  for  its  content  of 
total  solids.  At  the  end  of  four  weeks'  digestion,  the  digested  liquor 
was  analysed  for  its  content  of  total  solids  by  the  evaporation  method 
and  the  control  bottle  containing  the  inoculum  was  also  similarly 
analysed. 


Table  XIY  gives  the  proximate  chemical  composition  of  the 
materials  examined,  while  Table  XV  gives  the  total  volume  of  gas  pro¬ 
duced,  its  composition,  the  total  weight  of  gas  produced  and  the  loss 

of  dry  matter  during  digestion. 

It  is  seen  from  these  Tables  that  the  gas  production  was  high  in 
the  case  of  material  r:ch  in  hemicelluloses  and  cellulose  like  ground¬ 
nut  shell,  gram  pulse,  bullock  dung,  sannhemp  and  dhaincha  which 
contained,  at  the  same  time,  a  sufficient  supply  of  protein.  In  presence 
o  su  lcient  protein,  pH  of  the  medium  was  maintained  on  the  alka- 
hne  sffie,  due  to  liberation  °f  ammonia  which  neutralized  the  organic 
acids  foimed  during  anaerobic  digestion. 

I  I  'Vu  TC  °f  matcrials  lovv  in  protein,  but  rich  in  easily  dieesti- 
carbohydrates  l.ke  gur  (jaggery),  potato  or  maize  seed,  reaction  of 


Proximate  composition  of  organic  materials  (percentages) 
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Table  XV.  Gas  production  from  different  materials 
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the  medium  rapidly  became  acidic,  which  stopped  further  gas  pro¬ 
duction.  The  addition  of  calcium  carbonate  in  such  cases  restarted 
decomposition,  but  the  gas  produced  contained  a  high  proportion  of 
carbon  dioxide  derived  from  the  calcium  carbonate  and  the  reaction 
came  to  an  end  due  to  development  of  further  acidity.  The  addition  of 
calcium  hydroxide  (solid)  or  sodium  hydroxide  (solution)  in  the  begin- 
ing  as  an  alternative  to  calcium  carbonate,  raised  the  pH  to  such  a 
high  level  as  to  delay  gas  production  considerably. 

The  gas  production  was  lowest  in  the  case  of  sawdust.  This  was 
probably  dueto  the  high  content  of  lignin  and  lignocellulose  complexes 
in  the  above  material,  which  are  resistant  to  microbial  activity  (Waks- 
man,  1932).  In  the  case  of  purely  proteinaceous  substances  like 
peptone  and  bloodmeal,  the  production  of  gas  was  also  low. 

As  regards  the  composition  of  the  gas  formed,  the  data  presented 
in  Table  XV  show  that  materials  rich  in  sugars  and  starches,  like  gur 
(jaggery),  potato  and  maize  seed  produce  gas  h’gh  in  hydrogen  and 
carbon  dioxide  whereas  materials  rich  in  cellulose  and  hemicelluloses 
produce  gas  high  in  methane.  Desai  (1951)  also  found  that  saccha- 

®  O  .  t  f 

rine  materials,  like  molasses  and  mahua  extracts,  produced  hydrogen 
instead  of  methane,  and  developed  acidity  rapidly.  The  data  in  Table 
XV  show  that  materials  rich  in  protein  like  peptone  and  bloodmeal 
produce  a  gas  consisting  of  carbon  dioxide  and  nitrogen,  which  is  not 
combustible.  In  other  cases  also,  where  ammonium  sulphate  was 
added  as  a  nitrogenous  supplement  to  materials  poor  in  nitrogen,  e.g., 
filterpaper,  sawdust,  sugarcane  bagasse,  etc.,  the  gas  produced  con¬ 
tained  a  good  proportion  of  a  non-combustible  fraction  other  than 
carbon  dioxide  which  is  presumed  to  be  nitrogen. 

The  data  in  Table  XV,  for  the  total  weights  of  the  gases  produced 
and  the  losses  in  dry  matter  of  the  materials  during  decomposition, 
show  that  there  is  no  close  agreement  between  the  two  sets  of  figures. 
In  some  cases,  e.g.,  gur( jaggery ;,  potato  and  maize  seed,  the  loss  in  dry 
matter  is  much  higher  than  the  weight  of  the  gas  produced,  whereas 
in  other  cases,  e.g.,  bullock  dung,  gram  pulse,  groundnut  shells,  sugar¬ 
cane  bagasse,  etc.,  the  loss  in  dry  matter  is  lower  than  the  weight  of  the 
gas  produced.  In  the  former  case,  it  is  possible  that  volatile  organic 
acids  are  formed,  which  volatilize  during  the  process  of  drying  the 
digested  slurry  for  estimation  of  dry  matter.  In  the  latter  case,  it 
is  possible  that  the  interaction  of  water  with  the  organic  matter  in  the 
process  of  hydrolysis  and  gas  production  may  give  a  higher  weight  ol 
gas  formed  than  the  weight  of  organic  matter  decomposed. 

Effect  of  Adding  Supplementary  Nutrients  to  Bullock  Dung 
on  the  Rate  of  Gas  Production.  Patel  (1951)  and  Desai 
(1952)  have  recorded  the  beneficial  effects  of  adding  supplementary 
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nutrients  like  ammonium  sulphate,  urea,  etc.,  on  the  rate  ol  gas 
production  from  bullock  dung.  Experiments  were  conducted  in 
order  to  examine  this  point  with  500  gm.  portions  of  bullock  dung 
mixed  with  500  ml.  of  water  and  100  ml.  of  inoculum.  One  series  was 
run  as  the  control  while  in  the  other  series  additions  of  the 
following  supplements  were  tried  :  (a)  nitrogen  in  the  form  of  ammo¬ 
nium  sulphate  at  the  rate  of  1.0  per  cent  N  on  the  dry  matter  of 
the  dung  ;  (b)  phosphorus  in  the  form  of  disodium  hydrogen  phosphate 
at  the  rate  of  0.5  per  cent  P205  on  the  dry  matter  of  the  dung  :  (c) 
potassium  in  the  form  of  potassium  sulphate  at  the  rate  of  0.5  per 
cent  K20  on  the  dry  matter  of  dung  ;  and  (d)  a  mixture  of  minor  ele¬ 
ments  including,  Cu,  Mn,  Fe,  Mg  and  Ba  at  the  rate  of  two  to  five  parts 
per  million  in  the  digesting  medium.  It  was  found  that  the  differences 
between  the  rates  of  gas  production  in  the  different  series  were  not 
appreciable,  indicating  that  the  supplements  tried  were  unnecessary 
and  that  the  bullock  dung  was  a  complete  medium  by  itself  for  the 
purpose  of  anaerobic  decomposition. 

Gas  Production  under  Different  Supernatant  Pressures.  The 

pressure  under  which  gas  collected  in  the  gas  holder  varies  to  some 
extent  with  the  number  of  counterpoise  weights  attached  to  the  gas 
holder,  and  under  working  conditions  the  internal  pressure  may 
range  from  a  slightly  negative  pressure  of  2  to  3  inches  of  water-head 
below  atmospheric  pressure  to  a  positive  pressure  of  4  to  8  inches  of 
water  head  above  the  atmospheric  pressure.  In  models  in  which  the 


gas  holder  and  fermentation  tank  are  combined  in  one  unit,  e.g.  when 
the  gas  holder  is  inverted  into  the  fermentation  tank  itself  the 
piessute  of  the  gas  in  the  gas-holder  forms  the  surface  pressure  over 
the  fermenting  liquid  and  it  was  considered  possible  that  variations 
in  the  surface  pressure  of  the  fermentation  tank  may  influence  the 
rate  of  gas  production.  In  older  to  examine  this  point,  experiments 
were  carried  out  with  500  gm.  of  bullock  dung  mixed  with  two  and 
a  half  litres  ol  inoculum  in  bottle  A  connected  to  a  gas  holder  bottle 
B  (Fig.  1),  in  which  the  gas  pressure  could  be  maintained  at  different 
levels,  below  or  above  the  atmospheric,  by  adjusting  the  position  of 
the  tube  F  and  the  relative  positions  of  the  water  levels  in  F  and  B. 
By  limiting  the  period  of  gas  production  to  two  hours  at  each  level 
of  pressure,  it  was  possible  to  control  the  internal  pressure  in  bottles 
A  and  B  within  a  variation  of  $  inch  of  water-head  (Table  XVI). 

Table  XVI  shows  that  the  rate  of  gas  production  is  somewhat 
htgher  when  the  internal  gas  pressure  inside  the  fermentation  vessel  is 
maintained  at  a  level  2  to  4  inches  water-head  below  atmospheric 
P  ssure,  as  compared  to  internal  pressure  higher  than  atmospheric 
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Table  XVI.  Internal  iressure — the  quantity  of  gas  troduced 


Internal  pressure  in  the  fermentation 
bottle 

Quantity  of  gas  (N.T.  1’.)  produced 
in  2  hours  (ml.) 

Above  atmosphere 

8  inches  water-head 

180 

6  do 

190 

4  do 

190 

2  do 

200 

0  do 

200 

Below  atmosphere 

2  inches  water-head 

210 

4  do 

220 

The  observed  difference  amounts  to  about  20  per  cent  of  the  total 


gas  production. 

Nitrification  Studies  with  Digested  Slurry.  The  slurry  left 
after  gas  production  is  generally  used  as  manure,  much  in  the  same 
way  as  farmyard  manure.  The  most  important  manurial  constituent 
in  digested  slurry  is  nitrogen.  In  order  to  evaluate  the  availability 
of  the  nitrogen  contained  in  digested  slurry,  nitrification  experiments 
were  carried  out  in  wide-mouthed  bottles  containing  300  gm. 
of  Delhi  soil  to  which  weighed  quantities  of  the  dried  manure  con¬ 
taining  60  mg.  nitrogen  were  added  and  mixed  well.  Water  was 
added  upto  one  third  of  the  water-holding  capacity  of  the  soil,  the 
bottles  were  weighed,  their  mouths  covered  with  muslin  cloth  kept  in 
place  by  rubber  bands,  and  were  incubated  at  30CC  for  a  period 
of  three  months.  The  bottles  were  weighed  at  intervals  of  every  three 
days  and  the  lost  moisture  was  replaced.  For  purpose  of  comparison, 
bottles  were  run  containing  300  gm.  of  soil  only  and  also  300  gm. 
soil  plus  farmyard  manure  containing  60  mg.  nitrogen  and  300  gm. 

soil  plus  ammonium  sulphate  containing  15  mg.  of  nitrogen  At  the 

end  of  three  months  incubation,  the  contents  of  the  bottles  were 
thoroughly  mixed  and  aliquots  were  taken  out  for  estimation  of 

nitrate  nitrogen.  .  , 

The  data  in  Table  XVII  indicate  that  about  7.4  per  cent  of  the 

total  nitrogen  added  as  digested  slurry  nitiified  in  a  penoc  o 

months,  as  compared  to  about  4.75  per  cent  in  tie  case ■  o 
farmyard  manure  and  87  per  cent  in  the  case  of  ammonium  snip  • 
The  digested  slurry,  therefore,  appears  to  be  somewhat  superior 
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Table  XVII.  Results  of  nitrification  experiments  with  digested  slurry 


Manure  treatment 

N04-N  found 
after  3  months 
(mg.) 

Mean  value 

(mg.) 

Excess  over 
soil  only 
(mg.) 

Percentage 
of  added 
manure  N 
nitrified 

Soil  only 
(duplicate) 

6.9 

7.5 

7.20 

... 

... 

Soil  plus  dig¬ 
ested  slurry 
(duplicate) 

11.25 

12.0 

11.63 

4.43 

7.38 

Soil  plus  farm¬ 
yard  manure  .. 
(duplicate) 

10.2 

9.9 

1005 

2.85 

4.75 

Soil  plus  am¬ 
monium  sulph¬ 
ate 

(duplicate) 

21.00 

19.50 

20.25 

13.05 

87.00 

farmyard  manure  in  regard  to  its  nitrifiability  in  the  soil.  Desai 


and  Biswas  (1946J  also  found  that  the  digested  slurry  nitrified  some¬ 
what  better  than  farmyard  manure. 

DISCUSSION 


The  first  series  of  experiments  dealing  with  the  course  of  gas  pro¬ 
duction  with  time  indicates  that  bullock  dung  added  to  the  fermen¬ 
tation  tank  takes  about  four  weeks  to  produce  gas  upto  about  90  per 
cent  of  its  total  gas-yielding  capacity.  Since,  in  the  normal  working 
of  a  fuel  gas  plant  operating  on  cattle  dung  as  the  raw  material,  the 
dung  is  collected  daily  in  the  cattleshed  and  added  to  the  fermen¬ 
tation  tank,  it  would  appear  advisable  to  construct  the  fermentation 
tank  in  a  size  equivalent  to  about  30  times  the  volume  of  dung  added 
daily.  The  above  size  would  ensure  that  the  dung  added  daily 
remains  in  the  tank  for  a  period  of  four  weeks. 


The  second  senes  of  experiments  dealing  with  the  effect  of  different 
dilutions  of  bullock  dung  with  water  on  the  rate  of  gas  production 
shows  that  a  dilution  corresponding  to  7  to  9  per  cent  total  solids  is 
favourable  for  a  high  rate  of  production.  Since  fresh  bullock  dun-' 
contains  about  18  to  20  per  cent  solids,  it  would  seem  advisable  to 
mix  it  with  water  one  to  one  and  a  half  times  its  volume  and  prepare  a 
uniform  emulsion  before  adding  it  to  the  fermentation  tank.  In  actual 
practice,  a  certain  amount  of  dilution  of  the  dung  with  water  is  neces 
sary  in  order  to  make  it  flow  easily  through  the  inlet  pipe  ;  and  a 
di  ution  of  1  :  1  or  1  :  1}  is  satisfactory  lor  the  above  purpose. 

A  combination  of  the  requirements  is  given  above  in  respect  of 
the  period  of  digestion  to  obtain  high  gas  production  and  the  opti- 

mum  degree  of  dilution  of  the  dung  with  water  for  ensuring  rapid 
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digestion,  would  indicate  that  the  volume  of  the  digestion  tank  should 
be  about  60  times  the  volume  of  the  dung  added  daily. 

I  he  results  obtained  in  the  third  series  of  experiments  relating  to 
the  ratio  between  the  quantity  of  bullock  dung  added  daily  and  the 
quantity  of  inoculum  or  digested  slurry  present  have  a  close 
bearing  on  the  proportion  between  the  total  tank  space  and  the 
volume  of  bullock  dung  added  daily,  since  under  working  conditions, 
the  total  tank  space  is  filled  up  with  the  slurry  inoculum.  Table 
XVI  shows  that  the  rapidity  of  gas  production  increases  with  the 
ratio  of  slurry  inoculum  to  fresh  dung  added  up  to  an  optimum  pro¬ 
portion  of  about  40  :  1.  This  would  mean  that  the  volume  of  the 
tank  should  be  at  least  40  times  the  volume  of  the  bullock  dung 
added  daily.  In  the  preceeding  paragraph,  considerations  of  the 
total  solids  and  the  period  of  dilution  led  to  a  proportion  of  tank 
volume  to  bullock  dung  added  daily  of  about  60  times.  Taking  all 
requirements  into  consideration,  it  would  appear  that  the  tank  volume 
should  be  at  least  50  and  preferably  60  times  the  volume  of  the 
dung  added  daily,  in  order  to  secure  efficient  and  rapid  gas  pro¬ 
duction. 

The  data  relating  to  changes  in  nitrogen  obtained  in  the  fourth 
series  of  experiments,  show  that  about  15  per  cent  of  the  total  nitro¬ 
gen  is  converted  into  the  ammoniacal  form  and  this  has  an  important 
bearing  on  the  practical  utilisation  of  the  manure  produced  in  such 
gas  plants.  The  laboratory  experiments  showed  that  when  the  diges¬ 
ted  slurry  was  dried,  almost  the  whole  of  ammoniacal  nitrogen  was 
lost.  In  order  to  avoid  the  loss  of  the  above  valuable  fraction,  the 
digested  slurry  should  be  applied  in  wet  condition  in  the  field  and 
ploughed  under.  As  an  alternative,  it  may  be  possible  to  conserve 
the  ammoniacal  fraction  by  mixing  the  digested  slurry  with  diy  eaith 
or  vegetable  litter,  but  further  experiments  are  needed  in  oidei  to 
find  out  the  optimum  proportion  of  dry  earth  or  littei  needed  to 
fix  the  ammoniacal  fraction  without  unduly  increasing  the  volume  of 
the  digested  slurry  to  be  transported  to  the  field. 

The  hydrometer  method  for  the  estimation  of  total  solids  in  the 

fermentation  liquor  promises  to  provide  a  rapid  and  simple  method 

by  means  of  which  the  concentration  of  total  solids  in  the  fermenting 
liquor  could  be  maintained  in  the  optimum  range  and  the  defects  due 
to  too  high  a  concentration  caused  by  evaporation  losses  or  too  low  a 
concentration  caused  by  prolonged  digestion,  could  be  rectified. 

The  data  obtained  from  the  sixth  series  of  experiments  show  that 
about  25  to  30  per  cent  of  the  total  solids  contained  in  bullock  dung 
is  decomposed  within  a  period  of  four  weeks.  A  reference  to  Table 

IV  would  show  that  the  gas  yield  in  four  weeks  amounts  to  about 
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1 .45  cu.  ft.  gas  per  lb.  of  dry  matter  added  as  dung.  The  gas  is 
combustible  and  contains  about  55  to  00  per  cent  methane,  5  to  10 


per  cent  hydrogen  and  30  to  35  per  cent  carbon-dioxide.  The  loss 
of  25  to  30  per  cent  of  the  total  solids  in  the  digestion  tank  compares 
favourably  with  losses  of  40  to  50  per  cent  of  the  dry  matter,  obtained 
in  the  aerobic  methods  of  manure  prepration. 

The  results  obtained  in  the  seventh  series  of  experiments  reveal 
the  scope  that  exists  for  using  other  organic  materials  besides  bullock 
dung,  for  gas  production.  Organic  materials  with  a  balanced  propor¬ 
tion  of  hemicelluloses,  cellulose  and  protein,  like  sannhemp, 
dhainc'ia,  groundnut  shells  and  sugarcane  bagasse  appear  to  be 
specially  suitable  for  producing  large  quantities  of  combustible  gas, 
rich  in  methane.  Materials  rich  in  sugars  and  starches,  like  molasses, 
potato,  etc.,  introduce  complications  by  producing  excessive  acidity, 
which  interferes  with  gas  production.  Further,  the  gas  evolved  in 
this  case  consists  mainly  of  hydrogen  and  carbon-dioxide  and  the 
calorific  value  of  such  a  mixture  is  much  lower  than  that  of  a 
mixture  of  methane  and  carbon-dioxide.  An  interesting  observation 
that  was  made  in  the  seventh  series  of  experiments  was  the  fact  that 


materials  rich  in  protein,  like  peptone  and  bloodmeal,  produce  a 
non-combustible  gas  other  than  carbon-dioxide  persumably  nitrogen 
in  large  percentage.  The  formation  of  nitrogen  gas  from 
proteins  as  a  product  of  anaerobic  digestion  requires  further  con¬ 
firmation  by  more  specific  tests. 

The  eighth  series  of  the  experiments  possesses  a  practical  signifi¬ 
cance  also,  since  the  results  obtained  show  that  the  bullock  dung  is 
able  to  digest  quite  satisfactorily  without  the  addition  of  extra 

nutrient  supplies  like  nitrogen,  phosphoric  acid,  potash  or  the  minor 


The  results  obtained  in  the  ninth  series  of  the  experiments  give 
useful  indications  for  controlling  the  level  of  internal  gas  pressure  in 
uMei  mentation  chamber.  In  working  practice,  it  appears  preferable 
o  keep  the  internal  gas  pressure  in  the  fermentation  chamber  at  a 
level  of  one  to  two  inches  of  water-head  below  that  of  the  atmosphere 

x.,r  fatmosphe-° 

^ 

suspended  in  the  fermentation  mi  L  i  &  °Vei  or  §as  bolder 
of  a  manometer  aUrTed  ^  ™  •»* 

1  he  nitrification  experiments  carried  on,  in  the  tenth  series  of  the 
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experiments  show  that  on  equivalent  nitrogen  basis,  the  digested  slurry 
manure  nitrifies  to  a  greater  extent  than  farmyard  manure.  The 
data  obtained  in  the  fourth  series  of  experiments  showed  that  digested 
slurry  contained  about  1.8  to  1.9  per  cent  of  nitrogen  on  the  dry 
basis,  which  compares  favourably  with  the  average  value  of  about  1.0 
to  1.5  per  cent  nitrogen  found  for  farmyard  manure.  The  experi¬ 
mental  data  obtained  in  the  fourth  series  also  showed  that  the  loss  of 
total  nitrogen  during  anaerobic  digestion  is  very  small.  Since  digested 
slurry  contains  about  15  per  cent  of  its  total  nitrogen  in  the  form  ol 
ammonia,  it  may  be  expected  to  nitrify  to  a  greater  extent  than  faim- 


yard  manure. 

The  process  of  anaerobic  digestion,  thus,  possesses  a  double  advan¬ 
tage,  i  e.,  the  process,  in  addition  to  obtaining  manure  of  good  quality, 
also  supplies  a  large  volume  of  combustible  gas  which  can  be  utilised 
for  purposes  of  household  cooking,  lighting  or  for  operating 
machinery. 

SUMMARY  OF  THE  LABORATORY  EXPERIMENTS 

The  experiments  carried  out  in  the  laboratory  in  ordei  to  examine 
some  of  the  factors  which  influence  the  production  of  combustible  gas 
and  manure  during  the  anaerobic  digestion  of  bullock  dung  and  other 
organic  materials  showed  that  : 

1.  A  digestion  period  of  four  weeks  at  30CC  is  necessary  for 
obtaining  the  potential  gas-production  capacity.  The  dung  loses 
about  27  to  23  per  cent  of  dry  matter  and  yields  about  1.5  cu.  ft.  of 

gas  per  lb.  of  fresh  bullock  dung  added,  or  about  8  cu.  ft.  of  gas  per 

lb.  of  drv  matter  in  the  added  dung.  The  gas  is  combustible  and 
contains  about  55  to  60  per  cent  methane,  5  to  10  per  cent  hydrogen 

and  30  to  35  per  cent  carbon-dioxide. 

2.  Dilution  of  bullock  dung  with  water  (1  :  1  or  1  :  1£)  to  a  level 
of  7  to  9  per  cent  solids  was  found  to  increase  the  rate  of  gas  Pro  uc 
tion.  The  concentration  of  total  solids  in  the  fermenting  liquor  could 
be  determined  in  a  simple  and  rapid  manner  with  the  help  of  a 

common  hydrometer  and  a  standardized  graph. 

3.  The  rapidity  of  gas  production  increases  with  mcreas,  § 
proportions  of  inoculum  to  fresh  added  dung.  A  proportion  of  40  .  1 
was  found  to  be  satisfactory  for  obtaining  rapid  gas  P' od“ctl°n- 

4  A  combination  of  the  requirements  under  head  (1),  (2)  an 
ft)  above  would  indicate  that  for  efficient  and  rapid  gas  production 
the  fermentation  chamber  should  be  50  to  60  times  the  volume  of 
bullock  dung  added  daily. 

5.  During  the  process  of  digestion,  the  rate  of  «as  ProdUC 
was  somewhat  higher,  when  the  supernatant  pressure  above ^thefe^ 
menting  liquid  was  lower  than  that  of  the  atmosphere,  ■  1  , 
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one  to  two  inches  ol  water-head. 

6.  The  bullock  dung  used  for  the  experiments  was  found  to 
contain  sufficient  nutrient  material  for  rapid  anaerobic  digestion  and 
satisfactory  gas  production  ;  further  additions  oi  nutrients  like 
nitrogen,  phosphoric  acid,  potash  or  the  minor  elements  did  not 

increase  the  rate  or  total  quantity  of  gas  pioduced. 

7.  During  the  process  of  anaerobic  digestion  for  four  weeks  at 
30°C,  about  15  per  cent  of  the  total  nitrogen  in  bullock  dung  was 
found  to  be  converted  into  the  ammoniacal  form  ;  and  due  to  the 
alkaline  reaction  of  the  medium,  the  above  fraction  was  lost  by 
volatilisation  when  digested  slurry  was  dried.  The  pioportion  <>l 
ammoniacal  nitrogen  formed,  increased  with  the  peiiod  ol  digestion. 

8.  Digested  slurry  contained  about  1.8  to  1.9  per  cent  nitrogen 
on  the  dry  basis  and  nitrified  to  a  greater  extent  than  faimyaid 
manure,  on  equivalent  nitrogen  basis. 

9.  Laboratory  experiments  showed  that  organic  materials  con¬ 
taining  balanced  quantities  of  hemicelluloses,  celluloses  and  protein 
like  sannhemp,  dhaincha,  groundnut  shells  and  sugarcane  bagasse 
yielded,  on  anaerobic  digestion,  considerable  quantities  of  combustible 
gas  rich  in  methane  and  possessing  a  high  calorific  value,  whereas 
materials  rich  in  easily  fermentable  carbohydrates  like  jaggery 
molasses,  potato,  maize  seed,  etc.,  gave  a  gas  rich  in  hydrogen  and  of 
low  calorific  value.  The  gas  production  in  the  ’atter  case  was  much 
less,  due  to  rapid  development  of  acidity  and  other  factors. 


III.  OBSERVATIONS  ON  THE  WORKING  OF  A  LARGE 

SIZE  FUEL-GAS  PLANT 

The  experiments  reported  in  this  part  were  carried  out  with  a 
laige  size  fuel-gas  plant  that  was  devised  and  set  up  at  the  Indian 
Agricultural  Research  Institute,  New  Delhi,  following  on  the  results 
of  the  laboratory  experiments  reported  in  Part  II.  Figure  3  gives 
a  line  drawing  and  Fig.  8  a  photograph  of  the  above  plant. 

Aj  is  a  primary  fermentation  tank  8  ft.  10  in.  in  diameter  and  12 
ft.  in  depth,  with  a  circular  ledge  M,  9  inches  wide,  at  a  depth  of  4  ft. 
below  ground  level.  The  gas-holder  C,,  of  8  ft.  diameter  and  4  ft. 
height,  is  held  in  the  above  tank  by  means  of  pulleys  E  and  counter¬ 
poise  weights  F,  as  shown  in  Fig.  3  ;  300  lb.  of  bullock  dung,  mixed 
with  an  equal  quantity  of  water  to  form  a  uniform  suspension,  is 
added  daily  into  the  small  tank  B  and  passed  through  the  pipe  K  to 
the  bottom  of  the  fermentation  tank  Ax.  The  gas  produced  collects 
in  the  gas  holder  Cj  and  lifts  it.  W  hen  fresh  lots  of  bullock  dung, 
mixed  with  water,  are  added  through  pipe  K  to  the  bottom  of  tank 
Ax,  they  dislodge  the  fermented  liquid,  which  slowly  rises  up  and 
finally  escapes  by  an  overflow  drain  Gj,  which  leads  it  to  the  bottom 
of  the  secondary  fermentation  tank  A2,  8  ft.  10  in.  in  diametei  and 
6  ft.  in  depth,  which  carries  a  gas-holder  C2  of  8  ft.  diametei  and  6  ft. 
height,  suspended  from  pulleys  E  and  counterpoise  weights  F.  The 
gas  holder  C2  collects  the  gas  formed  by  secondary  fermentation 
in  the  tank  A2  and  also  serves  as  a  reservoir  for  the  gas  transferied 
from  the  gas  holder  C1.  For  this  purpose,  the  gas-exit  pipe  H  fiom 
the  holder  Cj  is  led  into  the  gas  holder  C2.  By  suitable  adjustment  of 
counterpoise  weights  attached  to  the  gas  holdeis  Cj  and  C2,  it  is 
possible  to  transfer  the  gas  from  the  former  to  the  latter.  Gas 
cocks  Ij  and  I2  regulate  the  gas  exit  from  the  gas  holders  C,  and 
C2  and  effect  delivery  of  gas  through  the  outlet  pipe  L.  A  fire- 

safety  tube,  consisting  of  a  small  length  of  pipe  fitted  with  a  wire- 

gauze  screen  is  fixed  at  N  in  the  outlet  pipe  L,  in  oidei  to  pi  event 
back  striking  of  the  flame  from  the  burner  into  the  gas  holders. 

The  fermented  liquor  which  enters  the  tank  A2  through  channel  Gj, 
escapes  by  the  surface  overflow  drain  G2  into  a  seiies  of  four  diying 
beds  J,  laid  out  parallel,  and  connected  by  means  of  a  cross  channel. 
As  soon  as  one  of  the  drying  beds  is  filled  up,  the  inlet  of  the  above 
bed  is  closed  and  the  slurry  is  led  into  the  adjoining  empty  drying  bed. 
This  arrangement  facilitates  the  rapid  drying  of  the  digested  liquor. 


GAS  PRODUCTION  PATE.  (CU.FT.  GAS  PER  LB.  DUNG) 
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1RI MENTAL  FUEL  GAS  PLANT  SET  UP  AT  THE  I.A.RJ  (.953) 


Fig.  3.  Line  drawing  of  the  large  size  Experimental  Fuel-Gas  Plant  set  up  in 
Indian  Agricultural  Research  Institute 


Flg.  4.  Rate  of  ga,  production  per  lb.  of  bullock  dung 


MEAN  TEMPERATURE  IN 
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The  movement  of  the  liquid  from  the  inlet  at  B  to  the  exit  at  J 
was  carried  out  automatically  by  gravity,  by  adjusting  the  levels  at 
different  points  of  the  How,  so  that  there  was  a  downward  gradient 
between  the  levels  at  B,  Gx,  G2  and  J,  the  total  difference  being  about 
2  ft. 

The  gas  holders  Cx  and  C2  were  calibrated  by  noting  inch  marks 
vertically  downwards  along  the  height  of  the  gas-holder,  starting  from 
the  top.  The  volume  of  gas  present  in  the  gas-holder  was  calculated 
by  multiplying  the  cross-sectional  area  of  the  drum  by  the  height  of 
the  drum  above  the  level  of  the  liquid  in  the  tank. 

The  tank  Ax  was  filled  up  in  the  beginning  by  adding  about  one 
ton  of  bullock  dung,  mixed  (in  portions)  with  an  equal  quantity  of 
water,  so  as  to  form  a  two  feet  layer  of  dung  slurry  at  the  bottom  of 
the  tank.  Into  this  slurry  was  poured  about  10  cu.  ft.  volume  of 
actively  fermenting  slurry  obtained  from  a  small  pilot  fuel-gas  plant 
that  was  already  in  operation,  in  order  to  provide  the  necessary 
microbial  inoculum  for  production  of  combustible  gas.  In  the  absence 
of  fermenting  liquor  from  an  older  gas  plant,  it  is  possible  to  supply 
the  necessary  micro-organisms  by  adding  an  equivalent  quantity  of 
septic  tank  sludge  or  sewage  water  or  tank  mud.  In  about  a  week  s 
time,  gas  production  takes  place  in  the  liquid,  as  evidenced  by  the 
formation  of  bubbles  on  the  surface  of  the  liquid.  At  this  stage, 
another  ton  of  bullock  dung,  mixed  (in  portions)  with  equal  quantity 
of  water,  is  added.  The  decomposition  then  becomes  quicker  and 
further  additions  of  bullock  dung  mixed  with  water  can  be  done  every 
alternate  day,  till  the  tank  Ax  is  completely  filled  up.  If  the  gas  exits 
I,  and  L  are  kept  open,  the  gas  holder  Cx  sits  on  the  ledge  M  and  is 
submerged  in  the  liquid,  except  possibly  for  the  top  few  inches  of  the 
gas-holder.  At  this  stage,  if  the  cocks  Ix  and  L  are  closed  the  gas 
collects  in  the  holder  C,  which  slowly  rises  up.  The  collection  of  gas 
is  facilitated  by  loading  all  the  counterpoise  weights  at  W,  till  the 
weight  of  the  gas  holder  is  counterbalanced  by  the  counteipo 
weights  and  a  water  manometer  connected  to  the  gas  outlet  at  L  registers 
a  small  negative  pressure  of  1  to  2  inches  of  water-head  below  the 
atmospheric  pressure.  When  gas  is  to  be  let  out  of  the  holdei, 
counterpoise  weights  are  removed  and  the  gas-cocks  Ix  an<^ 
opened.  The  manometer  at  L  shows  then  a  positive  pressure o 
inches  of  water-head  above  that  of  the  atmospheie. 

On  continuing  the  addition  of  bullock  dung,  mixed  with  wattr, 
into  the  tank  Ax,  the  overflow  liquid  passing  through  the  drain  k 
passes  into  the  tank  A2  and  soon  fills  it  up  to  the  ground  level. 
Thereafter,  every  time  dung-slurry  is  added  into  the  tank  A,-,  an 
equivalent  amount  of  digested  slurry  passes  out  from  the  tank  A2  into 
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the  drying  bed  J. 

The  following  experiments  were  carried  out  with  the  above  gas 
plant  : 

Rate  of  Gas  Production  in  Different  Months  of  the  Year.  Table 
XVIII  shows  month-wise  the  quantities  of  bullock  dung  added  and 
the  gas  evolved  during  a  complete  year  (1954).  It  also  gives  the  data 
for  mean  temperature  per  month,  calculated  by  adding  together  the 
values  for  the  mean  daily  temperatures  and  dividing  by  the  number 
of  days  per  month.  The  mean  temperature  per  day  was  taken  as 
the  mean  of  the  maximum  and  minimum  temperature  of  the  day. 
The  data  presented  in  Table  XVIII  show  that  the  rate  of  gas  produc¬ 
tion  per  lb.  of  bullock  dung  added  was  higher  in  the  hot  months  from 
April  to  September  and  lower  during  the  colder  months  from  October 
to  March.  This  has  been  illustrated  graphically  in  Fig.  4  from  which 
it  would  be  seen  that  the  curves  for  the  rate  of  gas  production  and 
mean  temperature  show  similar  variations  during  different  month  of 
the  year. 

Table  XVIII.  Gas  production  in  various  months  from  per  lb.  added 

BULLOCK  DUNG 


Month 

Mean  tem¬ 
perature 
during  the 
month 

(UF> 

Quantity 
of  bullock 
dung 
added 

(lb.) 

Water 

added 

(lb.) 

Volume  of 
gas  evolved 

(cu.  ft.) 

Rate  of  gas 
production 
per  lb. 
dung 

(cu.  ft.) 

January 

56  8 

4,966 

4,966 

2,670 

0.538 

February 

61.4 

4,442 

4,442 

2,950 

0  664 

March 

71.3 

4,854 

4,854 

3,740 

0.771 

April 

76.3 

4,662 

4,662 

4,960 

1.064 

May 

82.4 

4,746 

4.746 

5,830 

1.228 

June 

86  6 

4,585 

4,585 

6,510 

1.420 

July 

83.2 

4,914 

4,914 

6,390 

1.300 

August 

82.1 

4848 

4,848 

6,110 

1.260 

September 

80.6 

4,593 

4,593 

5,540 

1.206 

October 

78.5 

4,722 

4,722 

5,290 

1.120 

November 

66.7 

4,575 

4,575 

4,020 

0.880 

December 

Tpmnpratiifo  I 

62.6 

4,908 

4,908 

3,530 

0.719 

As  the  mean  temperature  of  the  atmosphere  ha/ a  comroUing^ffect 
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on  the  rate  of  gas  production,  it  was  considered  useful  to  examine  the 
influence  exerted  by  the  variations  of  atmospheric  temperature  on 
the  internal  temperature  of  the  feimenting  liquid  in  the  tank  at 
different  depths.  For  this  purpose,  samples  of  liquid  were  removed 
from  different  depths  by  inserting  into  the  tank  a  calibrated  stick  12  ft. 
in  length,  the  bottom  end  of  which  carried  a  small  tin  with  a  lid  pressed 
down  by  a  spring  but  which  could  be  released  by  pulling  a  long  wire 
attached  to  it  (Fig.  5).  When  the  gas  holder  was  full  the  calibrated 
stick  was  pressed  down  between  the  drum  and  the  surrounding  wall 
(Fig.  3)  up  to  the  desired  depth  and  the  sample  of  liquid  was  taken 
by  opening  the  lid  of  the  tin  by  pulling  back  the  wire  and  closing  the 
lid  again  by  releasing  the  wire.  The  stick  was  then  pulled  out  and  the 
cork  fixed  in  the  hole  in  the  lid  of  the  tin  was  removed  and  a  thermome¬ 
ter  introduced  into  the  liquid  to  note  the  temperature.  The  temperature 
of  the  atmosphere  was  also  noted.  Readings  were  thus  taken  of  the 
temperature  of  the  liquid  at  different  depths  of  the  tank  and  at  differ¬ 
ent  times  of  the  year,  generally  at  about  10  A.  M.  in  the  morning. 
The  data  obtained  are  summarised  in  Table  XIX. 


Table  XIX.  Influence  of  atmospheric  temperature  on  the  fermentation 

LIQUOR  AT  DIFFERENT  DEPTHS  IN  THE  TANK 


o  O 

1  2 
a  20 

Temperature  in  °C  at  depths  of 

2  a  c 

<£ 

Oft. 

1  ft. 

3  ft. 

5  ft. 

7  ft. 

9  ft. 

11  ft. 

15.5 

14.0 

15.0 

17.5 

19.0 

19.0 

18.5 

17.5 

18.0 

16.5 

17.5 

19.5 

21.0 

22.0 

21.5 

20.0 

19.5 

18  0 

20.0 

21  5 

22.5 

23.0 

22.5 

21.0 

22.5 

20.5 

22.0 

24.0 

24.5 

25.0 

25.0 

24.0 

25.0 

23.0 

24.5 

27-0 

28.0 

28.5 

28.0 

27.0 

28.5 

26.5 

28.0 

29.0 

31.0 

31.5 

31.5 

30.0 

31.0 

28.5 

30.0 

32.0 

33.0 

34.0 

33.0 

32.0 

The  above  data  snow  tnai  variations  ui  ””  r 

influence  the  temperature  of  the  fermenting  liquid  at  different  depths. 
The  temperature  of  the  liquidn  ear  the  surface  is  genera  v  oi 
degrees  below  the  atmospheric  temperature,  probably  due  to  surface 
evaporation  and  cooling  effect.  The  temperature  rises  steadily  up  to 
a  depth  of  7  ft.,  when  it  reaches  a  level  3  to  4  degrees  higher  than  the 
atmospheric  temperature.  This  increase  of  temperature  is  presumab  y 
due  to  the  heat  of  fermentation  of  bullock  dung.  At  greater  ep 


F*g-  5.  Calibrated  stick  to  remove  liquid 
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than  7  ft.,  the  temperature  goes  down  again.  This  is  possibly  due  to 
the  fact  that  bullock  dung,  mixed  with  water  is  added  daily  through 
pipe  K  (Fig.  3)  to  the  bottom  of  tank  Ax,  and  since  the  temperature 
of  the  dung-water  mixture  was  near  that  of  the  atmosphere  it  reduced 
the  temperature  in  the  bottom  layers  of  the  tank. 

In  the  light  of  the  data  given  in  Tables  XVIII  and  XIX,  it  appears 
that  if  the  rate  of  gas  production  is  to  be  stepped  up  during  the 
colder  months  of  the  year,  viz.,  November  to  March,  it  will  be  necessary 
to  (a)  warm  the  mixture  of  bullock  dung  and  water,  say,  to  a  tem¬ 
perature  of  30°C  before  adding  it  to  the  fermentation  tank,  (b)  provide 
insulation,  say,  with  sawdust  packing,  for  the  walls  of  the  tank,  so  that 
the  temperature  of  the  air  and  the  surrounding  earth  does  not  lower 
the  temperature  of  the  fermenting  liquid,  and  (c)  if  possible,  provide 
for  the  heating  of  the  contents  of  the  tank  either  by  passing  hot  air 
through  coils  fixed  in  the  tank  or  by  heaping  actively  fermenting  refuse 
and  litter  outside  the  walls  of  the  tank. 

Extent  of  Decomposition  and  Ammonia  Formation  During 
Anaerobic  Digestion.  In  Part  II,  certain  laboratory  experi¬ 
ments  have  been  described  which  show  that  about  27  to  28  per  cent  of 


the  total  solids  are  decomposed  during  a  period  of  four  weeks’  digestion 
and  about  10  to  15  per  cent  of  the  total  nitrogen  contained  in  the 
added  bullock  dung  is  converted  into  ammonia  and  that  nearly  the 
whole  of  the  ammonia  is  lost  during  the  operation  of  drying  the 
digested  slurry.  In  order  to  examine  this  point  in  the  working  of  the 
large-size  plant,  samples  of  the  fermenting  liquid  were  taken  out  at 
different  depths  of  the  tank  with  the  help  of  the  stick  and  tin-can 
arrangement  shown  in  Fig.  5  and  analysed  for  ;  (a)  total  solids,  (b) 
total  nitrogen,  (c)  NH4-N,  and  (d)  pH.  The  determinations  were 
carried  out  on  a  number  of  occasions,  yielding  similar  results,  one 

batch  of  which  is  given  in  Table  XX. 

It  is  seen  from  this  Table  that  the  percentage  of  solids 
in  the  fermentation  liquor  becomes  less  progressive  as  the  liquid 
moves  upwards  from  12  ft.  depth  to  the  surface  in  tank  Ax  and 
also  from  6  ft.  depth  to  the  surface  in  tank  A2.  The  highest  per¬ 
centage  of  total  solids  is  found  at  the  bottom  of  tank  A„  where  fresh 
dung  emulsion  is  added  and  the  lowest  at  the  top  of  tank  A2,  where¬ 
from  the  digested  slurry  flows  out  into  the  drying  bed.  The  data 

show  that  during  the  process  of  rising  of  the  liquid  from  the  bottom 

of  tank  A.  to  the  top,  thence  passing  to  the  bottom  of  tank  A2  an 
rising  to  its  top,  there  is  a  progressive  microbial  decomposition,  as 
shown  by  the  fall  in  total  solids.  The  above  data  confirm  the  sound¬ 
ness  of  the  design,  wherein  fresh  bullock  dung  is  added  at  the  bottom  o 
the  fermentation  tank  and  digested  slurry  is  taken  out  from  the  top. 
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Table  XX.  Analysis  of  fermented  liquid 


Depth  at  which  the 
sample  was  taken  at 

Total 

solids 

Total  N  in 
dry  solids 

NH4-N  in 
dry  solids 

NH..-N  as 
per  cent 
of  total  N 

pH  of 
slurry 
sample 

(per  cent) 

(per  cent) 

(per  cent) 

(per  cent) 

Tank  Ax 

12  ft. 

8.62 

1.716 

0.098 

5.71 

7.4 

10  ft. 

8.24 

1.886 

0.122 

6.47 

7.5 

8  ft. 

7.89 

1.915 

0.130 

6.79 

7.5 

6  ft. 

7.58 

1.933 

0.142 

7.35 

7.6 

4  ft. 

7.30 

1.962 

0.154 

7.85 

7.7 

2  ft. 

7.05 

1.984 

0.168 

8.47 

7.9 

Surface 

6.85 

2.046 

0.182 

8.90 

8.0 

Tank  A2 

6  ft. 

6.81 

2.115 

0.196 

9.27 

8.2 

4  ft. 

6.63 

2.256 

0.275 

12.18 

8.4 

2  ft. 

6.48 

2.314 

0.322 

13.92 

8.4 

Surface 

6.34 

2.436  ' 

0.390 

16.03 

8.6 

x  .uni  me  pciLcmagcs  oi  total  solids  lound  in  the  bottom  and  top 
layers  of  tanks  Aj  and  A2  it  may  be  inferred  that  about  20.5  per  cent 
of  the  total  solids  were  decomposed  in  tank  A,  and  about  6.9  per  cent 
in  tank  A2.  The  total  decomposition  in  both  the  tanks  together  thus 
came  to  about  27.4  per  cent  which  agrees  with  the  level  of  27  to  28  per 

cent  decomposition  of  the  total  solids  obtained  in  the  bottle  exneri- 
ments  reported  in  Part  II.  F 

As  regards  nitrogen,  there  is  a  steady  rise  in  the  percentage  of 

tatk  A  “tr„TonJn  ‘he  d‘y  S°!ids  fr°m  >-718  P«  «n,  a,  the  bottom  of 
tank  Aj  to  2.046  per  cent  at  the  top  and  from  2.115  per  cent  a.  th, 

7'01"  °f  <ank  A®  ‘°  2'43G  per  ccnt  at  tlie  l°p.  There  is  an  inverse 

nse  along  with  the  decrease  in  the  percentage  of  the  soHdT5  T1  “‘d V 
gtven  tn  column  5  of  Table  XX  for  NH.-N  expressed  as  a  peTce'nUge 
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of  total  N,  shows  an  increase  of  the  above  ratio  from  5.71  per  cent  at 
the  bottom  of  tank  Ax  to  8.9  per  cent  at  the  top  of  tank  Ax  and  from 
9.27  per  cent  at  the  bottom  of  tank  A2  to  16.03  per  cent  at  the  top  of 
tank  A2.  This  shows  that  in  the  early  stages  of  decomposition  of 
bullock  dung  (tank  A2)  the  attack  on  the  proteins  is  rather  slow  and 
the  digestion  affects  mainly  the  non-nitrogenous  fraction,  with  the 
liberation  of  methane,  hydrogen  and  carbon-dioxide,  but  in  the  later 
stages  of  decomposition  (tank  A2)  the  proteins  are  attacked  rapidly, 
by  conversion  of  12  to  16  per  cent  of  the  total  nitrogen  into  ammonia. 
Since  the  dung  added  daily  remains  in  tank  Ax  for  about  30  days  and 
in  tank  A2  for  about  15  days  before  it  passes  over  into  the  drying  bed 
J,  the  production  of  ammonia  becomes  high  only  after  a  period  of  30 
days  fermentation.  The  changes  in  pH  of  the  slurry  during  digestion 
run  parallel  with  the  increase  in  ammonia  content.  The  pH  rises 
from  7.4  to  8.0  in  tank  Ax  and  from  8.2  to  8.6  in  tank  A2. 

Loss  of  Ammonia  During  the  Process  of  Drying  Digested 
Slurry.  One  hundred  ml.  aliquots  of  digested  slurry  passing  out  of  the 
exit  channel  at  G,  were  removed  and  analysed  for  total  solids,  total 
N  and  NH4-N  :  (a)  in  the  fresh  condition,  (b)  after  drying  in  the  oven 
at  100CC,  and  (c)  after  drying  in  the  sun.  Samples  of  dried  digested 
slurry  obtained  from  the  drying  beds  Jl5  J2,  J3  and  J4  were  also 
analysed  for  total  N  and  NH4-N  (Table  XXI). 


Table  XXI.  Analysis  of  total  solids  in  fresh  condition  and  after  drying 


Particulars  of  sample 

Total  N 

_ 

nh4-n 

100  ml.  of  digested  slurry  in  the  wet 
condition 

163.4  mg. 

21.7  mg. 

-do-  (analysis  expressed  as  per¬ 
centage  ot  total  sohds-6.92  gm. 
per  100  ml.) 

2  361  per  cent 

0.371  per  cent 

100  ml.  of  digested  slurry  after 
drying  in  the  sun  (dried  residue 
7.24  gm.) 

139.4  mg. 

3.47  mg. 

100  ml.  of  digested  slurry  after 
drying  in  the  oven  at  100  C  (resi¬ 
due  0.98  gm.) 

Percentage  analysis  on  the  dry  basis 

136.8  mg. 

1.988  percent 

1.51  mg. 

0.022  per  cent 

Sample  ol  digested  slurry  taken 
after  sun-drying  from 

(a)  the  drying  bed  Ji 

(b)  -do-  J* 

(c)  -do-  J» 

(d)  -do-  Ji 

1.889  per  cent 
1.910  per  cent 
1.828  percent 
1.924  percent 

0.036  per  cent 
0.029  per  cent 
0.026  per  cent 
0.032  per  cent 
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The  data  given  in  Table  XXI  show  that  about  16  per  cent  of  the 
total  nitrogen  present  in  the  digested  slurry  is  present  in  the  form  of 
ammonia  and  nearly  the  whole  of  it  escapes  into  the  air  during  the 
process  of  sun  diying  the  slurry.  If  there  were  no  loss  of  nitrogen, 
the  manure  should  contain  about  2.4  per  cent  nitrogen  on  the  dry 
basis,  whereas  the  dried  manure  obtained  from  the  drying  beds 
contains  only  about  1.8  to  1.9  per  cent  nitrogen. 

Composition  and  Uses  of  the  Gas  Produced.  Samples  of  the 
gas  produced  were  analysed  in  a  Haldane  Gas  Analysis  apparatus 
periodically.  Some  of  the  results  obtained  are  presented  in  Table 
XXII. 

Table  XXII.  Analysis  of  gas  in  haldane  gas  analysis  apparatus 


Particulars 

Percentage 

ch4  i  h2 

analysis  c 

co2 

Gas  produced  du  ing  summer  time 

58.4 

6.6 

31.8 

Gas  produced  duiing  winter  time 

53.6 

9.4 

34.8 

Gas  produced  the  next  day  after 
adding  dung 

55.6 

8.2 

33.9 

Gas  produced  5  days  after  adding 
dung 

51.8 

5.6 

39.8 

Gas  produced  when  cut  straw  was 
added  along  with  dung 

46.6 

9.8 

42.2 

N  and  other 
residual  gases 

3.2 

2.2 

2.3 

2.8 


1.4 


1  he  i  esults  show  that  the  combustible  gas  was  nearly  of  uniform 
composition,  and  consisted  of  a  mixture  of  methane,  hydrogen  and 
carbon-dioxide,  along  with  a  small  quantity  of  non-cumbustible  gas 
other  than  C02,  presumably  nitrogen.  The  gas  burned  with  a  blue 
non- luminous  flame.  Due  to  its  lower  specific  gravity,  compared  to 
air,  the  flame  had  a  tendency  to  jump  above  the  burner,  when  the 
pressure  was  slightly  increased.  The  air  requirements  of  the  gas 
for  burning  were  much  lower  than  those  of  oil  or  coal  gas,  and  in 
practice,  it  was  found  that  the  gag  did  no,  burn  satisfactorily  in ’the 
O,  .nary  Bunsen  Burner,  unless  the  orifice  was  widened  considerably 
The  gas  burned  quite  satisfactorily  when  i,  was  led  through  a 
simple  type  of  burner  prepared  by  bending  a  1/3  inch  bore  iron  tube 

wo:;\o,7;;:/r'  fiXlnS  '  r  bttVKn  two  r'«angular  blocks  of 
wood  lor  a  basal  support.  For  many  purposes,  it  was  found  con 

rosehearout  3  ind,cs 

tube  burner  fit  ted  wi ,h  „  consumption  of  gas  in  1/3  inch  iron 

"hen  the  gas  was  supplied  ' u  d  ’  ab°U'  2°  CUft'  pel  hour> 

pp  under  a  piessure  of  4  inches  water-head. 


The  gas  was  successfully  used  for  purposes  of  boiling  water, 
cooking  of  meals  and  for  other  heating  purposes.  The  gas  was  al-o 
fed  into  gas  lamps  fitted  with  mantles*  ;  the  luminosity  could  be 
increased  by  supplying  the  gas  at  higher  pressures  of  6  to  8  inches  of 
water-head.  The  consumption  of  gas  was  about  2o  cu.ft.  per  houi 
per  mantle.  The  gas  was  also  successfully  used  for  operating  a  gas 
engine  of  S.5  H.  P.,  the  consumption  of  gas  being  about  50  cu.  ft.  per 
hour  for  the  above  engine. 

Fuel  Gas  Plant  for  Viilage  Homes.  Since  the  greatest  loss  of 
cattle  dung  manure  occurs  in  village  homes,  and  a  considerable 
proportion  of  the  dung  is  converted  into  cakes  and  burnt  for  fuel,  it 
seemed  useful  to  devise  a  model  of  fuel  gas  plant  which  the  villager 
could  himself  set  up  at  a  low  cost  and  operate  without  technical 
assistance.  The  plant  should  be  capable  of  producing  at  least  100  cu. 
ft.  of  gis  pir  day  in  order  to  meet  the  household  fuel  requirements 
of  the  villager. 

A  model  that  was  devised  to  satisfy  the  above  requirements  is 
shown  in  Figs.  6  and  7.  It  differs  from  the  model  shown  in  Figs.  3  and 
4  in  that  (a)  it  contains  only  one  fermentation  tank  ;  (b)  the  size  is 
much  smaller  ;  and  (c)  the  construction  is  simpler  and  is  made  up  of 
lighter  material  than  the  larger  plant.  The  village  model  consists  of 
a  tank  of  5  ft.  8  in.  inner  diameter  for  the  top  4  ft.  and  4  ft.  6  in. 
innei  diameter  for  the  lower  8  ft.  depth.  The  brick  wall  is  only'  4%  in. 
thick  and  is  set  in  mud-plaster,  instead  of  in  lime-plaster  or  cement. 

I  he  top  two  lines  of  brick  work  are,  howerer,  set  in  cement  to 
ensure  firmness  and  the  angle  iron  posts  are  also  fixed  in  cement- 
conciete.  The  materials  required  consist  mainly  of  a  gas  drum  of 
mild  steel,  5  ft.  in  diameter  and  4  ft.  in  height,  3  angle-iron  pieces 
each  12  ft.  long  and  bent  at  the  bottom  at  right  angles,  pulleys,  gas 
piping,  bolts  and  nuts  ;  and  the  construction  is  so  simple**  that  a 
villager  can  assemble  and  install  a  gas  plant  similar  to  that  shown  in 

,gS-  6  and  7  m  hls  £Pare  time  at  a  cost  of  about  Rs.  3C0.C0  for  the 
materials  (without  labour  charges). 

The  plant  shown  in  Fig.  6  would  take  in  about  ICO  lb.  of  cattle 
^mg  daily  and  produce  on  an  average  about  100  Cu.  ft.  of  eas  ner 
vai>"’S'  however,  from  month  to  month,  depending  on  the 
atmospheric  temperature  (Table  .W  ill).  A  villager,  having  three 

the  village '"m^o  did Ire 'gi v en an" artic! e  o n' ^ ° f,° *  c 0 ^ 1  r ^ c  1  ‘ 0 n  and  operation  of 
appeared  in  Indian  Farming,  N.  S.,  May  1956^issue  ^  Needs  3  Gas  Plant'’  which 


Fig.  7.  Photograph  of  a  cow  dung  gas  plant  in  village  home  (Design  No.  1) 


Fig.  8. 


Large  size  experimental  fuel  gas  plant  set  up  in 
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heads  of  cattle,  say,  one  cow  or  she-buffalo  and  a  pair  of  bullocks, 
could  produce  enough  gas  to  meet  the  luel  needs  lor  cooking  purposes 
of  an  average  family  of  five  members.  Small  plants  of  the  above 
type  were  set  up  in  a  number  of  villages  around  Delhi  and  have  been 
working  quite  satisfactorily. 


MODEL  OF  COWDUNG  GAS  PLANT  (DESIGN  NO  2) 


1 


I  A  R  I 


A. SPICK  «*U 
t  Gas  HOIOC* 

C.'BOH  POO 
0  PULlE  r 

(  COwOunG  MIXING  Tank 
*  Si  UQ  Dv  exit  channel 
G.  COwOunG  mixing  tank 
M.  OPViNG  SCO 
'•ANGLE  i»On  POSTS 

j-  gas  outlet  pipe 
«  COUNTCPPO'SC  »  c  l  G  M  T  s 
L.  GROUND  IE  Vf  I 


MEaPTh  PvaTTOPm 
"Gas  MOiSTyPE  EXIT  Tap 
aSLuPPv  Llvtv 
P  FEBmCnTaTiOn  Tank 
QPLATfOPM 
p.  LCOGC 

S  GAS  COCK 
T  GAS  OUTLET  T  u6C 
u  not  Sap c T  v  PLUQ 
V.PuBSCP  t  uft  ( 
w  SLL'HR 


CPNATfVE  TO 


Fig.  9.  Line  model  of  a  cow  dung  gas  plant  (Design  No.  2) 

desi.M,I°1ifi,l,ati°nn  °f  'he  V,j"age  gas  pknt-  A  slightly  modified 
design  ol  the  village  gas  plant  is  shown  in  Fig.  9  (line  drawing 

and  Fig.  10  (photograph).  In  this  modification,  the  gas  is  taken  on 

through  an  outlet  tube  T(l, 2  in.  size)  fixed  on’ top  of  the  £drum 

P ipe  l°M  2  in  V’  T'Vt  ^  ^  tubi"g  V  to  the  main  gai 

Pipe  J  (1/2  in  dta  metre  O.  I).  which  starts  from  the  ton  of?,,! 

angle- iron  and  goes  down  vertically  into  the  pit  N  ofH" 
inches  square  and  8  inches  depth,  wile  the  lis^re  condTn'T 

'  gas  p'pe  ,s  let  out  hy  opening  the  tap  N.  whenever  required  Th" 
o,h„  parts  and  connections  are  similar  to  wha,  have  hel"  desert 
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Fig.  10.  Cow  dung  gas  plant, at  I.A.R.I.  (Design  No.  2) 
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A  disadvantage  of  the  design  shown  in  Fig.  6  is  that  the  gas 
pipe  J  shown  inside  the  gas  drum  at  times  gets  clogged  with  cow-dung 
particles  and  obstructs  the  passage  of  the  gas,  which  makes  it 
necessary  to  remove  the  gas  drum  to  clear  the  gas  pipe  J.  by 
pouring  water  into  the  open  end  of  the  pipe  and  flushing  out  the 
particles  by  opening  the  tap  N.  In  the  design  shown  in  Fig.  9  how¬ 
ever  the  difficulty  is  removed  since  the  gas  outlet  tube  T  is  fixed  on 
the  top  of  the  gas  drum  which  does  not  easily  get  clogged.  Even 
if,  as  sometimes  happens  when  the  drum  is  down  on  ledge  R  that 
the  tube  T  gets  clogged,  it  can  easily  be  cleaned  out,  without  dis¬ 
turbing  the  drum,  by  disconnecting  the  rubber  tube  V  being  generally 
exposed  to  the  sun  and  rain,  cracks  out,  leading  to  leakage  and 
loss  of  the  gas  and  sometimes  to  the  danger  of  catching  fire  at  the 
leaking  point;  with  the  possible  danger  of  explosion  of  the  gas  in  the 
drum.  This  last  risk  can  however,  be  avoided  by  inserting  in  the 
gas  outlet  tube  T  a  small  fire  safety  plug  U,  consisting  of  a  wire- 
gauze  screen,  as  already  indicated  in  Fig.  6. 

1.  Modifications  for  cold  areas.  In  cold  areas  or  seasons,  when 
the  atmospheric  temperature  goes  down  below  (30°F,  the  output  of  gas 

decreases  considerably.  In  such  cases,  it  would  be  necessary  to 
warm  the  contents  of  the  fermentation  tank,  by  fixing  heating  coils 
in  the  the  tank  and  passing  hot  air  or  hot  water  through  them.  A 
portion  of  the  gas  produced  may  be  used  for  heating  the  coils,  but 
the  extra  gas  produced  by  this  treatment  more  than  compensates  for 
the  gas  so  used  up.  The  heat  required  may  be  minimised  by  insulat¬ 
ing  the  walls  of  the  fermentation  tank,  e.g.,by  having  a  double 
wall  and  filling  the  annular  space  with  saw  dust  or  fermenting 
compost  material. 

2.  Modification  for  using  straw  and  vegetable  wastes.  The  gas 
plants  (Figs.  6,  9)  described  in  this  pamphlet  were  designed  mainly 
to  deal  with  a  free  flowing  suspension  of  cattle  dung,  urine  and  water. 
But  combustible  gas  could  also  be  obtained  by  using  other  organic 
materials  besides  dung,  e.g.,  green  manures  like  sannhemp  and  dhain- 
cha  or  farm  wastes  like  sugarcane  trash,  waste  straw,  groundnut  shells, 
tin  eshing  floor  refuse,  farm  weeds,  etc.  These  materials  are  usually 
fluffy  and  require  pre-treatment  before  they  can  be  added  to  the 
fermentation  tank.  They  can  either  be  cut  into  small  bits  with  a 
chaff  cutter,  or  they  may  be  used  as  bedding  for  cattle  and  then  com¬ 
posted  in  pits  for  three  to  four  weeks,  before  adding  to  the  fermenta¬ 
tion  tank. 

The  design  of  the  fermentation  tank  would  also  need  change  to 
accept  solid  materials  like  straw,  which  tend  to  float  on  the  surface  of 
the  tank,  d  he  batch  fermentation  system  may  be  adopted  in  such 
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cases,  i.e.,  by  filling  the  fermentation  tank  completely  in  the  beginning 
with  a  mixture  of  straw  or  other  vegetable  wastes,  along  with  dung 
and  water  in  optimum  proportions  and  then  placing  the  gas  drum  on 
top  of  the  tank.  No  fresh  lots  of  dung  slurry  are  added  daily. 
Production  of  combustible  gas  starts  after  a  few  days  and  the  high 
rate  of  production  is  maintained  for  about  a  month,  after  which  it 
tends  to  come  down.  At  this  stage,  the  tank  is  opened  by  removing 
the  drum,  the  contents  are  taken  out  and  the  tank  refilled  with  new 
fermentation  material.  In  order  to  ensure  continuity  of  a  good  supply 
of  gas,  it  would  be  convenient  to  have  two  or  more  fermentation 
tanks  and  to  refill  each  tank  alternately  at  intervals  of  2  to  3  weeks. 

In  order  to  prevent  fluffy  material  like  straw  from  floating  up  and 
obstructing  the  rising  of  gas  from  the  liquid,  it  would  be  found  con¬ 
venient  to  fix  a  circular  trellice  or  expanded  metal  sheet  of  diameter 
5ft.  6  in.  on  top  of  the  ledge  R  and  to  add  the  straw  below  the 
expanded  metal  sheet. 

In  the  case  of  bigger  installations,  where  the  straw  and  other 
vegetable  matter  is  cut  into  small  pieces  to  be  added  to  the  tank,  the 
fermentation  could  be  rendered  quicker  and  more  uniform  by  mixing 
the  contents  of  the  tank  by  an  internal  stirring  arrangement,  either  by 
suction  or  by  use  of  vanes,  operated  by  an  external  motor. 


Manurial  Value  of  Digested  Slurry.  The  analytical  results 
given  in  Table  XXI  show  that  the  digested  slurry  contains 
about  1.8  to  1.9  per  cent  nitrogen  after  it  is  sun-dried.  In  regard  to 
the  content  of  plant  nutrients  it  resembles  farmyard  manure.  There 
may,  however,  be  some  difference  between  the  manurial  values  of  the 
two  products,  since  farmyard  manure  is  generally  prepared  by 
aerobic  fermentation,  whereas  the  manure  is  obtained  in  the  fuel-gas 
plant  by  anaerobic  digestion;  and  the  quality  of  the  two  products 
may  vary.  In  order  to  compare  the  manurial  value  of  the  two 
products,  crop  experiments  were  carried  out  in  pots,  using  Delhi  soil, 
by  growing  wheat  during  the  rabi  season  and  marua  ( Eleucine 
coracana )  and  sannhemp  during  the  Uarif  season.  The  two  manures 
were  applied  at  the  rate  of  100  lb.  nitrogen  per  acre,  four  weeks 
before  sowing.  For  the  purpose  of  additional  comparison,  ammo¬ 
nium  sulphate  was  also  tried  at  25  lb.  nitrogen  per  acre  level,  since 
the  availability  of  nitrogen  in  bulky  manures  was  considered  to  be 
about  25  per  cent  of  that  in  ammonium  sulphate  (Russe  l  1950). 
There  were  five  replications  for  each  treatment  (Table  XXillj. 
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Table  XXIII.  Mean  yield  per  pot  in  grams— dry  matter 


— 

Sann- 

Wheat 

Marua 

hemp 

Treatment 

Grain 

Straw 

Grain 

Straw 

(Total 

dry 

matter) 

No  manure 

8.84 

13.46 

10.1 

31.4 

93.4 

Digested  slurry  (in  wet 
condition) 

10.32 

15.26 

12.0 

33.8 

106.8 

Digested  slurry  (in  dry 
condition) 

11.31 

17.39 

13.6  • 

36.8 

1 17.2 

Farmyard  manure 

10.02 

16.28 

12.4 

34.6 

104.4 

Ammonium  sulphate 

13.70 

19.55 

15.4 

41.2 

121.2 

The  results  show  that  the  digested  slurry  in  wet  condition  does 
not  produce  such  good  manurial  effect  as  after  sun- drying.  This  is 
somewhat  surprising,  in  view  of  the  data  presented  in  Table  XXI 
which  shows  that  the  digested  slurry  in  wet  condition  contained  about 
16  per  cent  of  its  nitrogen  in  the  form  of  readily  available  ammonia, 
whereas  the  dried  slurry  contained  very  little  of  ammonia  and  was 
lower  in  total  nitrogen.  The  poorer  effect  shown  by  the  wet  slurry 
on  all  the  crops  examined,  may  be  due  to  some  harmful  factors  to 
plant  growth,  possibly  H2S  or  other  products  of  anaerobic  digestion, 
present  in  the  wet  slurry,  which  are  removed  in  the  operation  of  sun¬ 
drying  of  the  manure.  After  sun-drying,  however,  the  digested  slurry 
proved  to  be  somewhat  superior  to  farmyard  manure,  when  applied 
to  crops  on  equivalent  nitrogen  basis.  It  was,  however,  inferior  to 
ammonium  sulphate,  when  the  latter  was  applied  at  one-fourth  level  of 
the  nitrogen  contained  in  the  former. 
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DISCUSSION 

The  design  of  the  model  of  the  fuel-gas  plant  described  in  this 
pamphlet  is  simple  and  requires  very  little  construction  equipment, 
but  provides  durability  and  smoothness  of  operation.  In  models 
where  the  digestion  chamber  is  separate  and  completely  enclosed 
(Desai  and  Biswas,  1945;  Desai,  1946),  and  the  gas  is  let  out  by 
means  of  an  exit  pipe,  there  is  some  danger  of  the  gas  exit  pipe  getting 
clogged  with  dung  or  dirt,  in  which  case  the  pressure  inside  the  fer¬ 
mentation  chamber  accumulates  to  an  extent  that  the  fermentation 
chamber  sometimes  explodes.  There  is  no  such  danger  in  this  model, 
since  the  excess  gas  can  easily  escape  into  the  air  by  bubbling  through 
the  intervening  liquid  space  between  the  drum  and  the  surrounding 
wall  of  the  chamber  (Fig.  6). 

Since  the  levels  of  the  dung  inlet  pit,  the  digested  slurry  exit 
channel  and  the  drying  beds  are  adjusted  in  a  downward  gradient, 
this  model  works  automatically  with  the  minimum  of  labour  and 
attention.  If  the  gas  plant  is  situated  near  the  cattle  shed,  the 
labour  already  employed  for  cleaning  the  cattle  shed  and  removing 
the  dung  for  storage,  can  attend  to  the  work  of  adding  the  dung  into 
the  fermentation  tank,  after  mixing  it  with  an  equal  quantity  of 
water  Thus,  both  the  capital  cost  of  construction  and  the  operation 
charges  are  reduced  to  the  minimum  and  the  farmer  or  villager  gets 
his  eas  supply  at  a  nominal  cost.  A  simple  plant  of  the  type  shown 
•  pigs  6  and  7,  however,  requires  for  its  maintenance  in  good 
condition  a  repainting  of  the  iron  parts  once  a  year  and  some 
attention  to  the  brick  walls,  etc.  With  normal  care  the  plant  tv,  11 
•  efficient  service  for  about  ten  to  15  years.  The  amortization  and 
glV.  ce  charges  of  a  plant  of  the  size  shown  in  Figs.  7  and  8 

may  b"a  estimated  at  about  Rs.  40/-  per  year,  including  interest  on 
L,  amortization  in  ten  years  and  repainting  charges,  against  an 
CT  of  about  40,000  cu.  ft.  of  gas  per  year,  which  works  out  to  a 
output  o  one  per  1,000  cu.  ft.  of  gas  produced.  This  rate 

cost  of  ab°  f  bl  ifh  the  rate  of  Rs.  4  to  5  per  1,000  cu.  ft.  of 
compares  favoura  y  ^  companies.  The  thermal  value  of  the 

coal  or  oil  gas  supp  .  equal  to  the  thermal  value 

biological  fuel  gas  B  4h.  U  per  cu.  ft.).  A  special 

featm  e'of  biologicaf  fuel  gas  is  its  non-poisonous  nature  which  renders 

it  safe  for  use  in  houseS'  ,  biowical  fuel-gas  plant,  which  makes 
Another  advantage  of ",0fnd  villagL  in  India,  is  that  it 

it  specially  su.tab  < J  f  manure.  The  data  given  in  Part 

supplies  both  fuel  g  J  digested  slurry  nitrified  somewhat 

II  show  that  tn  Pot  experiments  with  wheat,  marua 

better  than  farmyard  manuie.  1  ot  exp 
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( Eleucine  coracana)  and  sannhemp,  reported  in  Part  III  corro¬ 
borate  the  results  of  the  nitrification  tests  and  show  that  the  digested 
slurry,  after  sun-drying,  yields  good  quality  manure,  which  is  superior 
to  ordinary  farmyard  manure  in  its  effect  on  crop  growth.  The  data 
obtained  showed,  however,  that  anaerobically  digested  slurry  in  wet 
condition  possessed  some  harmful  factors  for  plant  growth,  which 
could  be  removed  by  drying  the  slurry  before  applying  it  to  the  fields 
as  manure.  As  an  alternative,  the  wet  digested  slurry  may  be  mixed 
with  cattle-shed  litter  or  farm  wastes  and  composted  for  some  months 
before  using  it  as  manure.  This  procedure  would  be  useful  in  winter 
times  or  rainy  periods,  when  sun-drying  of  the  digested  slurry  becomes 
difficult. 

In  cases  where  the  villager  keeps  more  than  four  or  five  heads  of 
cattle,  fermentation  tanks  and  gas-holders  of  bigger  diameters  than 
those  shown  in  Fig.  6  should  be  used  ;  but  in  all  cases,  it  would  be 
convenient,  for  the  purpose  of  construction  and  operation,  to  keep  the 
depth  of  the  tank  at  about  12  ft.  and  the  height  of  gas  drum  at  about 
4  ft.  (cf.  Tank  A,  in  Fig.  3).  Where  the  daily  output  of  gas  is  high,  it 
may  be  possible  to  utilise  the  gas  for  other  purposes  besides  cooking, 
e.g.,  for  lighting  the  house,  for  operating  gas  engines,  for  lifting  water 
from  wells  or  for  the  production  of  electricity. 


SUMMARY  OF  LARGE  SCALE  EXPERIMENTS 

The  experiments  carried  out  with  a  large  sized  biological  fuel-gas 
plant,  devised  and  set  up  at  the  Indian  Agricultural  Research  Institute, 
New  Delhi,  showed  that  : 

1.  The  rate  of  gas  production  per  lb.  of  bullock  dung  added 
varied  in  different  months  of  the  year,  along  with  variations  of  the 
mean  daily  temperature  (mean  of  daily  maximum  and  minimum 
temperatures)  ;  it  varied  from  1.4  cu.  ft.  per  lb.  of  dung  added  in  the 
summer  months  (mean  temperature  80°  to  85°F),  to  about  0  (5  cu  ft 
peyb.  of  dung  added  in  the  winter  months  (mean  temperature  55“  to 

2.  The  temperature  inside  the  fermentation  tank  (below  ground 
evel)  was  somewhat  below  the  atmospherie  temperature  at  the  surface 
but  rose  stead, ly  a,  greater  depths,  till  i,  reached  a  level  of  30“  to  Ip 

ughei  than  the  atmospheric  temperature  at  a  depth  of  7  to  9  ft  r  ’ 

wh-ch  it  came  down  again,  due  to  the  admixture  with  the  f,  i' 
added  to  the  bottom  of  tank.  The  temperature  curve  of  the  tank" 
different  seasons  ran  somewhat  parallel  to  the  mean  , 
variations  of  the  atmosphere.  an  temperalure 

3.  Estimations  of  total  solids,  total  nitrogen  and 
nitrogen  a,  different  depths  of  the  fermentation  tank 
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there  was  a  steady  fall  in  total  solids  from  the  bottom  of  the  tank  to 
the  surface.  The  total  solids  decreased  by  about  20  per  cent  when  the 
added  dung  was  allowed  to  remain  in  the  fermentation  tank  for  a 
period  of  30  days.  The  proportion  of  total  nitrogen  decomposed  into 
ammonia,  increased  with  the  fall  in  total  solids  and  the  extent  of 
decomposition,  and  rose  to  about  9  per  cent  in  about  30  days’ 
decomposition  and  to  about  16  per  cent  in  about  45  days’  decomposi¬ 
tion,  indicating  that  the  proteins  were  attacked  in  the  later  stages  of 
decomposition. 

4.  The  digested  slurry  was  alkaline  in  reaction  (pH  8.0  to  8.6) 
and  the  results  showed  that  when  the  digested  slurry  was  dried  in  the 
sun,  nearly  the  whole  of  the  ammoniacal  nitrogen  contained  therein 
was  lost  by  volatilization. 

5.  The  gas  produced  by  anaerobic  digestion  contained  about  55 
per  cent  methane,  8  per  cent  hydrogen,  35  per  cent  carbon-dioxide  and 
about  2  per  cent  of  nitrogen.  The  gas  was  combustible  and  burnt  with 
a  blue  flame.  Its  air  requirements  for  combustion  were  much  less  than 
those  of  oil  or  coal  gas.  The  gas  could  be  used  satisfactorily  for  house¬ 
hold  heating  and  cooking  purposes,  for  lighting  gas  lamps  and  for  run¬ 
ning  engines  and  motors. 

6  The  manure  produced  by  anaerobic  digestion  showed  good 
manurial  value  after  sun-drying  and  was  found  to  be  better  than  the 
farmyard  manure.  In  wet  condition,  the  manurial  value  was  some¬ 
what  less  than  that  after  sun-drying. 

7.  Based  on  the  working  of  the  large  sized  plant,  a  simplified 

model  of  fuel  gas  plant  has  been  devised  to  suit  village  homes  The 
above  plant  was  set  up  at  a  numbsr  of  villages  around  Delhi  and  as 
been  working  satisfactorily.  The  plant  could  be  set  up  by  the  villager 
himself  at  a  cost  of  about  Rs.  300/-  (excluding  labour)  and  could  pio- 
duce  about  100  cu.  ft.  of  gas  per  day,  enough  to  meet  the  fuel  require¬ 
ments  of  an  average  family.  The  model  involved  low  operation  and 

maintenance  charges. 
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